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PREFACE
Despite its location in Northwest Arkansas, the Arkansas Water Resources 
Center (AWRC) is active state-wide. This fact is underscored by the focus of 
the Center’s session on "Water Resource Issues in the Arkansas Delta" during 
its recent joint Conference. Water issues in the Delta include declining water 
tables, salt water intrusion, and water quality (especially suspended sediment, 
nitrate and pesticides). Presented papers focused on best management practices 
for cotton production, economics of on-farm reservoirs, chloride content of 
irrigation water, and landowner education. The AWRC short course was an 
excellent one on chemical transport in the vadose zone by Dr. Glenn Wilson of 
the Desert Institute of Nevada.
This year for the first time, the Center’s conference met jointly with another 
conference—the conference on Innovative Strategies for the New Millennium— 
that was sponsored by the U.S. Environmental Protection Agency Region 6, the 
Arkansas Soil and Water Conservation Commission and the Foundation for 
Organic Resources Management (FORM). Organization of the conference was 
primarily the responsibilities of FORM and AWRC. It was a pleasure working 
with Jim Wimberley (president) and Tree Mangione of FORM. The joint 
meeting was a great success and a similar joint conference with the South- 
central Section of the Geological Society of America is planned for April 4 and 
5, 2000.
The assistance of the following reviewers whose comments were valuable to 
authors is gratefully acknowledged.
Dr. Jack W. Grubaugh
University of Memphis
Dr. James G. Thomas
Mississippi State University
Dr. Mark Walthall
Louisiana State University
Dr. Charles Wilson
University of Arkansas, Monticello
Kenneth F. Steele, Director 
Arkansas Water Resources Center
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PROTECTION AND IMPROVEMENT OF THE SOIL AND WATER 
RESOURCES IN THE ARKANSAS DELTA
W.H. Baker, S.D. Carroll, M.A. Henslee
Department of Crop. Soil, and Environmental Sciences 
Soil Testing and Research Laboratory 
University of Arkansas 
Mariana, Arkansas
J.L. Farris
Ecotoxicology Research Facility 
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Jonesboro, Arkansas
INTRODUCTION
The lower Mississippi River Basin is some of the most productive land in the 
world. As such, preservation of the soil and water resources is an important 
consideration for both the present and future generations. Recent water quality 
concerns are based on non-point nutrient loads (Turner and Rabalais, 1991; 
Burkart and James. 1999). These nutrient loads have been reported to coincide 
with an increase in the use of nitrogen (N) fertilizer over the last 20 years 
(Turner and Rabalais, 1994). Current agriculture practices very often do not 
include the use of several simple and potentially effective management practices 
that could help to reduce soil and nutrient loss from runoff events. The 
objective of this current study is to demonstrate the effectiveness of soil and 
water conservation best management practices on a farmer's field cropped to 
cotton. Another important aspect of this study is that these protection measures 
have the ability to be integrated profitably with current farming practices.
METHODS AND MATERIALS
The field used for this demonstration study is located in Soudan. Arkansas in 
the St. Francis River watershed. The terrain is gently undulating with enough 
slope to create significant erosion problems from a heavy rainfall. The operator 
of the farm managed all production practices and inputs. The field is 
approximately 84 acres with six drainage ditches. All the drainage flowed 
across the field in an east to west direction. Autosamplers were set at each 
drainage outlet and programmed to collect runoff samples at the onset of a 1- 
inch flow created by a rainfall event. Water samples were analyzed for 
temperature, pH. and electrical conductivity (EC) in the field. The samples were 
then preserved and sent to the Arkansas Water Resources Lab for total nitrogen 
(TN), total phosphorus (TP), and total suspended solids analyses.
Several best management practices (BMP) were utilized on exactly half of 
the demonstration field. Each half of the field contains three of the six drainage 
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ditches. Reduced tillage was already a part of the management scheme on this 
farm. The main tillage factor was the elimination of disking the field in the 
spring just prior to forming the rows. Instead, rows were formed in the fall after 
harvest and left as a stale seedbed for planting in the spring. The other best 
management practices were grassed ditches, a lightly seeded winter cover crop 
of wheat, and, when possible, variable P fertilizer application based on soil 
samples taken every acre.
All of the information collected from this field and within the watershed is 
being placed in a geographic information system (GIS). An estimate of the 
cotton acreage within the watershed area will be calculated at a later time from 
multispectral satellite imagery.
RESULTS AND DISCUSSION
The results reported on here are preliminary and are based on one year of 
data collection. Figure 1 illustrates the average total nitrogen levels from the 
three drainage ditches located in the conventional production side of the field 
and the average of the three drainage ditches located on the BMP side of the 
field. In April of 1998, an initial flush of N from both sides of the field was 
noted. This was possibly due to a release of mineralized soil N as the soil 
became warmer. By May of 1998. early pre-plant fertilizer nitrogen 
applications for cotton were readily apparent. A second fertilizer nitrogen
Figure 1. Total nitrogen concentrations in the field runoff from the conventional and BMP 
demonstration site (numbers above each bar are the standard deviation of the mean)
application made in July of 1998 was also evident in the runoff. During these 
months, the BMP side of the field appeared to be effective resulting in a much 
lower nitrogen concentration in the runoff. Runoff TN levels decreased again in 
the cooler winter months.
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Total phosphorus concentrations in the runoff are illustrated in Fig. 2. 
Phosphorus levels spiked in the spring of 1998, most likely due to spring 
phosphorus fertilizer application. Initially, the BMP side of the field produced 
the most TP in the runoff samples. However, as the grassed buffer strips 
became established with the warmer spring weather, the BMP side of the field 
became more effective. This trend held until after July, 1998. While P levels 
declined, the effectiveness of the BMP side of the field was hindered due to 
Roundup herbicide applications over the cotton causing the grass buffer strips to 
terminate.
Average total suspended solids concentrations for both the BMP and 
conventional sides of the demonstration field are shown in Fig. 3. In general, 
the BMP side of the field appeared to be more effective than the conventional 
side in reducing the amount of sediment in the runoff. The effectiveness of the 
BMP treatments was especially evident during peak sediment loads observed in 
May and April of 1998. However, runoff collected for the month of December. 
1998 showed an abrupt reverse in this trend.
Figure 2. Total phosphorus concentrations in the field runoff from the conventional and BMP 
demonstration site.(numbers above the bar are the standard deviation of the mean)
Results from intensive soil sampling of the entire demonstration field for N 
and P fertility levels are shown in Figs. 4 and 5. Soil nitrate-N levels were 
relatively low with only a few hot spots of high concentrations scattered 
randomly throughout the field. Soil test P was found to be well over an 
adequate level of 50 lb P/acre recommended for maximum cotton yield (ACES. 
1999). A significant area of the field was found to be in the high category and 
would not require any P fertilizer to produce a cotton crop. High soil P areas 
would not require any P fertilizer would need to be applied. Omitting a fertilizer 
P application over the high soil test P area is being proposed for the 1999 crop 
year.
3
Figure 3. Total suspended solids concentrations in the field runoff from the conventional and BMP 
demonstration site (numbers above each bar are the standard deviation of the mean)
4-14
14-25
25-35
35-45
Figure 4. Map of the demonstration field soil test nitrate-nitrogen.
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Figure 5. Map of the demonstration field soil test phosphorus.
Two more years of data collection and demonstration are remaining on this 
project. All of this information will then be place into the GIS for final 
assessment and development of technical transfer material for producers in and 
near the Arkansas delta.
REFERENCES
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WATER QUALITY IMPACTS OF POULTRY LITTER APPLIED TO 
COTTON CROPLAND: PRELIMINARY RESULTS
Thomas A. Costello
Department of Biological and Agricultural Engineering 
University of Arkansas 
Fayetteville, Arkansas
Earl D. Vories and Robert E. Glover
Northeast Arkansas Research and Extension Center 
University of Arkansas 
Keiser. Arkansas
BACKGROUND
Approximately 1,000,000 tons of poultry litter is produced annually in 
Arkansas, most of which is applied to nearby pastures in the western part of the 
state. Use of poultry litter as a fertilizer in row crop production would 
encourage litter transport from the poultry growing regions (where long-term 
applications have elevated soil test P in many fields) to the Delta in Eastern 
Arkansas. It was hypothesized that applications of poultry litter might actually 
reduce nutrient and soil loss from land in the Delta due to improvements in soil 
hydraulic properties afforded by the organic matter. The objective of this study 
was to determine the effectiveness of poultry litter as a nitrogen source for 
cotton on a Sharkey silty clay soil and to measure the impact of the applications 
on losses of solids and nutrients from the cropland to surface water.
METHODOLOGY
Experiments were conducted on non-irrigated (irrigated once in 1998) cotton 
(Gossypium hirsutum L., cv. Suregrow 125) in 1996, 1997 and 1998 on a 
Sharkey silty clay at the University of Arkansas Northeast Research and 
Extension Center (NEREC). Keiser. Arkansas. Fields were 32 rows (38-inch 
spacing) by approximately 500 feet long. Treatments consisted of preplant 
incorporated applications of broiler litter versus conventional liquid fertilizer 
(URAN-32% N) applied preplant (75 lb N/acre) and at late square (50 lb N/acre) 
with three replications. Broiler litter was applied at rates of 3.2, 4.1 and 3.8 
ton/acre on May 23. 1996, May 13. 1997 and May 18, 1998. respectively. Total 
N application with broiler litter was 233. 257 and 153 lb N/acre. respectively for 
the three years. Planting dates were May 23. 1996; May 21. 1997 and May 19, 
1998. The center 24 rows of each field were harvested, for a harvest area of 
approximately 0.9 acres. Runoff from each field was diverted through H-flumes. 
Automated water samplers were used to collect flow-weighted composite runoff 
samples, which were analyzed by the University of Arkansas. Arkansas Water 
Resources Center Water Quality Lab. Stage in each flume was measured using 
a piezo-electric pressure transducer interfaced to an electronic datalogger.
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RESULTS
Broiler litter treatments produced significantly lower seed cotton yields in 
1996 and 1998, with 3-year average yields of 1660 and 1990 lb/acre for litter 
treated fields and conventional fields, respectively. The litter treated fields 
showed evidence of nitrogen stress in two of three years even though the total N 
applied was much higher than conventional. The stress may have been due to 
timing of N-mineralization relative to crop uptake requirements. Litter 
application could not be accomplished any earlier than just prior to planting due 
to wet soil conditions prior to planting in all three years.
Water quality results are shown in Table 1. The litter treated fields appear to 
exhibit a slight reduction in TSS mass losses, possibly due to reduced runoff 
volume (data not shown) that may indicate improved hydraulic properties of the 
soil receiving the organic amendments. In general, mass losses of nutrients were 
similar between the two fertilizer treatments except when mass losses spiked for 
the litter treatment during the first runoff event that occurred after litter 
application in 1998.
Table 1. Total mass losses of solids and nutrients in runoff from litter treated and conventionally 
fertilized fields.
Runoff Water Analyte1
Total Mass Losses (kg/ha)2
Poultry Litter Conventional
TSS 6000 6900
TOC 35.9 27.2
TKN 17.7 17.2
NO; 10.0 10.7
TP 14.1 12.3
1Analytes measured from composite runoff samples: TSS = total suspended solids, TOC 
= total organic carbon, TKN = total Kjeldahl nitrogen. NO3 = nitrate-nitrogen, 
TP = total phosphorus
“Total mass losses from runoff events during the period from July 22. 1996 to December 
8, 1998. Individual event mass losses computed by multiplying composite concentration 
by the runoff volume.
Data indicate that poultry litter used as the sole fertilizer for cotton on this 
soil was not adequate. Litter applications can be associated with spikes in 
nutrient runoff and with a buildup of soil test P (data not shown). The use of 
poultry litter on cropland in eastern Arkansas requires careful control to insure 
acceptable yields and to protect surface water quality.
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ADDRESSING WATER QUALITY ISSUES IN BAYOU 
BARTHOLOMEW THROUGH LANDOWNER EDUCATION
M.B. Daniels, T.L. Riley, and W. Kinkaid 
University of Arkansas Cooperative Extension Service 
Little Rock, Arkansas
INTRODUCTION
Bayou Bartholomew is the nation's longest bayou. It drains over 997,000 
acres in parts of Jefferson. Lincoln, Drew, Ashley, Desha, and Chicot counties 
(Figure 1). It is an important water resource in Southeastern Arkansas as it 
provides unique wildlife habitat, scenic beauty, irrigation source for adjacent 
cropland, fertile fishing and hunting grounds, ground water recharge, primary- 
and secondary-contact recreation, and provides many benefits as a functional 
wetland.
(B)
Figure 1. Location of the watershed in Southeastern Arkansas (A) and location of watershed with 
respect to counties (B).
Water quality problems in the Bayou that impair intended water uses have 
been well documented. In 1994, an Arkansas Department of Environmental 
Quality (ADEQ) assessment report estimated that 184 of 359 stream miles were 
adversely affected by siltation from non-point sources including cropland 
drainage, streambank erosion, and silviculture (ADEQ. 1998). Turbidity levels 
were consistently high enough to degrade aquatic habitat. The report identified 
row crop agriculture as the most probable non-point source of sediment. The 
watershed has been designated by ADEQ as one of the top five priority 
watersheds in need of restoration to meet intended uses.
In 1998, President Clinton released the Clean Water Action Plan, a strategy 
for addressing non-point source pollution under the authority of the Clean Water 
Act. This plan requires States to develop a list of priority watersheds that are 
threatened or impaired. This list is known as the Unified Watershed 
Assessment. In the summer of 1998, representatives from several state and 
federal agencies worked together to develop Arkansas’ Unified Watershed 
Assessment and Restoration priorities (NRCS, 1998). Out of 58 eight-digit 
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watersheds in Arkansas, Bayou Bartholomew was ranked fifth in priority. 
Justification for this priority ranking included: 1) one state impaired water 
body, 2) one USDA Environmental Quality Incentive Program (EQIP) priority 
area. 3) one state 319 non-point source priority area, 4) one Nature Conservancy 
critical watershed, and 5) one state wetland restoration area.
Other evidence of concern includes the founding of the Bayou 
Bartholomew Alliance (BBA), a non-profit organization of private citizens 
concerned about the well being of the Bayou. The Alliance is provided technical 
support through a Technical Review Board consisting of representatives from 
several state and federal agencies. In 1996, the Alliance released a document 
stating their short- and long-term goals (Bayou Bartholomew Alliance. 1996). 
The Alliance is a catalyst for a locally-led efforts to address water quality issues 
in the Bayou.
Many short- and long-term goals set forth by the BBA focus on education 
and technology transfer to agricultural landowners and managers about 
conservation practices that reduce soil erosion and improve irrigation water 
management.
The Arkansas Soil and Water Commission has awarded an EPA 319h grant 
to the University of Arkansas Cooperative Extension Service to provide water 
quality education to landowners in the watershed. The goal is to educate 
agricultural land managers about the potential impacts of agricultural practices 
on water quality and how to minimize these impacts.
WATERSHED CHARACTERISTICS
Land Use
It is estimated that land use within the watershed is 73% forestland, 20% 
cropland, and 7% grassland. Although forestland accounts for 73% of the land 
use. drainage from cropland can potentially impact water quality due to the 
proximity of cropland near the Bayou itself (Scott, 1998). Primary crops that 
are grown include rice, soybeans, cotton, and wheat.
Soils
NRCS has published soil surveys for each of the six counties in the 
watershed. Bottomland soils (adjacent to the Bayou) in the watershed formed 
primarily in loamy and clayey sediments deposited from the Arkansas River and 
its tributaries. Upland soils formed from loamy loessal deposits in the eastern 
part of the uplands. In the western part of the Uplands, soils formed in older 
loamy and clayey sediment deposited by a former shallow sea in the western 
part of the uplands. Soil mapping units that have been classified as highly 
erodable land (HEL) are listed in Table 1. These soils are classified as highly 
erodable because erosion losses estimated from the Universal Soil Loss equation 
exceed the tolerance level (T-factor in Table 1 ). Most row crop agriculture in 
the watershed is on soils with less than three-percent slope
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Table 1. List of soil mapping units classified as highly erodable land with associated acreage 
(Source: NRCS.)
Soil Mapping Unit T-Factor County
Lincoln/Jefferson Drew Ashley Total
Tons/A ----------- --------------- Acres-..................................................
Grenada Silt Loam
3-8% Slope
3 13,403 17,372 21.960 52,735
Grenada Silt Loam
8-12% Slope
3 4,975 12,590 17,565
Granada-Urban Land
Complex
3-8% Slope
3 775 775
Sawyer Silt Loam
3-8% Slope
3 14,923 14,923
Smithdale Fine
Sandy Horn
8-12% Slope
5 9,585 405 9,990
Cahaba Fine Sandy
Loam
8-12% Slope
5 1,766 1,766
Lafe Silt Loam 1 452 755 1,207
Sacul Loam
8-12% Slope
5 12,409 12,409
Saffell Gravelly Fine
Sandy Loam
8-20% Slope
4 1,321 1,321
Savannah Fine
Sandy Loam 
3-8% Slope
3 6.537 6,537
Tippah Silt Loam
3-8% Slope
3 18,328 18,328
Pikeville Fine Sandy
Loam
3-8% Slope
4 865 865
Totals 38,686 63,160 36,575 138,421
SEDIMENT LOADING
Little research data for sediment losses from various row crops produced on 
soils under specific cultural practices is available for this region. This makes it 
difficult to assess the extent of sediment loading from an individual field or 
farm. However, in one study in Oxford Mississippi, considerable sediment loss 
was measured from soils with less than 3% slope treated with conventional 
tillage (Murphree and Mutchler, 1981). Erosion may not be limited to soils 
classified as highly erodable land. It is generally accepted that increased ground 
cover can greatly reduce erosion. Conservation tillage practices can greatly 
increase ground cover. According to conservation tillage surveys conducted by 
the Center for Conservation Information and Technology (CTIC), the six 
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counties in the Bayou Bartholomew watershed lag behind national conservation 
tillage adoption rates (Figure 2).
Figure 2. Percent adoption of conservation tillage for counties within the Bayou Bartholomew 
watershed. Adapted from the CTIC web site, 1999.
ELEMENTS OF WATERSHED RESTORATION STRATEGIES
A primary framework of the President's Clean Water Action Plan is to take 
a watershed approach to resolving water quality issues. A key element to this 
approach is the development of watershed restoration action strategies. While 
several state, federal, and private activities have been ongoing in Bayou 
Bartholomew, they certainly can be linked and coordinated under a restoration 
strategy. Potential elements of a strategy may include:
■ Monitoring and Assessment
■ Define the Issue
■ Create Public Awareness
■ Foster Locally-led Efforts
■ Setting Goals / Priorities
■ Educational. Technical. & Financial Assistance
■ Implementation
■ Follow-up Assessment.
ELEMENTS OF EXTENSION EDUCATION PROGRAM
This education program is delivered locally to landowners within the 
watershed through six County Extension offices. Program elements include: 1) 
defining project goals and objectives. 2) create awareness of issues among target 
audience. 3) developing and strengthening partnerships, and 4) technology 
transfer to target audience.
Project Goals
The goal of this program is to increase the awareness of agricultural
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producers of water quality issues resulting from sediment loss from row crop 
agriculture and to transfer technology that can help reduce sediment loss to 
Bayou Bartholomew.
Creating Issue Awareness with Target Audience
The target audience defined for this program includes row crop agricultural 
producers. The issue is the adoption of conservation practices to lessen row 
crop agriculture’s impact on water quality in the Bayou. In a survey 
(McConnell, 2000; these proceedings) mailed to cotton farmers within the 
watershed, producers on average agreed that conservation tillage was important 
in reducing sediment loss, but remained neutral about the importance of 
conservation tillage in protecting the watershed. They also remained neutral on 
the reason for the lack of adoption of conservation tillage. These results indicate 
that producers are unaware that sediment loading and turbidity is harmful to the 
Bayou. These results may also indicate that technology transfer could help 
address drawbacks to implementing conservation practices.
This program is creating issue awareness with proven and traditional 
methods such as news articles, newsletters, presentations at producer meetings 
and during routine farm visits. The first issue of the program newsletter "On the 
Bayou" was printed and mailed to over 2000 agricultural producers. It 
contained articles explaining the issues as well as conservation practices to 
consider. It also provided a summary of the various financial incentive 
programs available to implement conservation programs. The newsletter will 
include an interview in each issue with different producers that have already 
implemented conservation practices.
Partnerships
Because there are many state, federal, and private organizations that play a 
role in conservation practices within the watershed, this educational program is 
delivered most effectively in partnership with other agencies. For example, the 
Cooperative Extension Service serves on the Technical Support Board for the 
BBA and partnered with NRCS to deliver education about EQIP. These 
partnerships are synergistic in nature and results in greater benefits to both 
landowners and to the watershed.
Technology Transfer of Conservation Practices to Landowners
Technology transfer activities include education of soil conservation 
practices and improving irrigation water management and of available financial 
assistance programs available for implementing conservation plans. Technology 
transfer in this program is delivered by three primary means: 1) published 
information, i.e., fact sheets, 2) technology transfer tour of demonstration farms, 
and 3) individual farm visits.
In July 1998, the second annual technology transfer tour was conducted in 
Jefferson and Drew Counties. County Agents and Extension specialists 
identified farmers in the watershed who have implemented conservation 
practices or work with cooperators to demonstrate conservation practices on- 
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farm. These farms and practices are then showcased to other producers on a 
tour furnished by the program. At these tour stops, county agents, specialists, 
and the farmer usually address the audience. These tours have had stops that 
have showcased no-till cotton and soybean production, border irrigation of 
soybeans, nutrient management with precision agriculture, multiple inlet rice, 
irrigation scheduling with Extension's computerized scheduler, stale seed bed 
cotton production, irrigation well testing, and critical ground water declaration. 
Individual farm visits are a effective means of technology transfer because it 
allows education to be tailored to specific conditions on a farm.
SUMMARY
Education will continue to play a vital role in watershed restoration 
strategies. This program is focused on lessening row crop agriculture’s impact 
on water quality by increasing producer’s awareness of the issue and possible 
solutions. Implementation of practices occurs through the combination of 
creating awareness and providing technical, educational, and financial 
assistance. In most cases, the absence of any one of these key elements may 
greatly hinder the adoption rate. Education bolsters adoption, and it also ensures 
that the adoption of a given practice is sustainable and long-term.
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INTRODUCTION
Agriculture's use of the rich Mississippi River alluvial and loessial soil in 
eastern Arkansas challenges the maintenance and function of its extensive 
network of wetlands and streams. This agronomic presence is known to alter 
area stream quality from significant input of nitrogen and phosphorus based 
fertilizers being applied to facilitate crop growth as well as excessive soil 
erosion rates from currently employed tillage practices. The average annual 
erosion for the East Arkansas basin has been estimated to be approximately 25 
million tons (Arkansas State Water Plan. ASWCC, 1988). Of the total amount 
of erosion that occurs in the basin, about 95% is from cropland. Thus, there is a 
keen growing interest to provide innovative production systems that offer soil 
and water quality protection measures with improved short and long-term 
profitability.
One way to estimate the relative economic tradeoff between profitability and 
sustainable resource management involves monitoring relative stream condition 
before and after implementation of proposed best management practices. 
Biological monitoring that incorporates the systematic use of stream community 
responses can be used to evaluate changes in the environment as well as provide 
surveillance of ongoing changes that could be linked with improved 
management practices. Surveillance monitoring of benthic communities has 
been successfully used to indicate effectiveness of both water resource 
management techniques (Rosenberg and Resh, 1993; Abel, 1989) and 
conservation measures (Hellawell, 1986).
The St. Francis River in eastern Arkansas has received historic (Meek, 1896) 
and more recent attention (Cochran and Harp. 1990; Cochran et al., 1993) for 
the benthic communities associated with its altered habitats. It originates in
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southeastern Missouri and flows south for 760 km in Arkansas bordered on the 
west by Crowley's Ridge and the east by the Mississippi River before entering 
the Mississippi River near Helena, Arkansas. Bottomland hardwood is the 
dominant forest type of this area, although most of the timber has been removed 
and the cleared areas utilized for agricultural production (ADPCE. 1987). The 
river has been substantially altered by local land owners and the US Corps of 
Engineers to drain 13,466 km2 of adjacent agricultural land in the extremely flat 
watershed (Posey, 1997). Numerous manmade waterways, such as the Oak 
Donnick-St. Francis Floodway, divide the river into two separate channels from 
marked Tree (RM 155) to the confluence of L'Anguille River (RM 11.45). 
Water is removed from dredged channels above Marked Tree. Arkansas, by 
large siphons and transferred into natural channels. Areas above Marked Tree 
and the lower stretches used in this study include both unmodified reaches and 
areas that have been straightened and dredged. This three-year baseline 
monitoring of the river is a component of a larger project intended to integrate 
data from demonstration fields into a geographic information system to assess 
watershed scale non-point source pollution control.
METHODS AND MATERIALS
Six sites were studied from July to August during 1996-1998 for aquatic 
macroinvertebrates and water quality conditions that occurred in the lower St. 
Francis River 27 km downstream of the L'Anguille River confluence in the 
reach from Forrest City to Marianna, Arkansas (Table 1).
Table 1. Description of sampling locations for macroinvertebrate communities in the St. Francis 
River watershed from 1996- 1998.
Site Location Coordinate
Marianna (m) 
L'Anguille (m) 
Huxtable (u)
Soudan (u) 
Madison (m) 
Widener (u)
600 m downstream from Highway 79
400 m downstream of confluence
4 km upstream from Huxtable 
Dam and Pumping Station
1.6 km downstream from Hwy. 79
7.5 km downstream from Hwy. 50 
9.9km downstream from Hwy. 50
(34.47.252N 90.43.219W)
(34.46.410N 90.41.920W)
(34.44.037N 90.37.229W)
(34.50.578N 90.37.978W)
(34.58.590N 90.41.012W)
(Not available)
Sites designated as Widener, Soudan, and Huxtable were selected for 
communities that would represent unchannelized (u) conditions in a section of 
the river referred to locally as the St. Francis Cutoff. The remaining sites 
represented the modified reaches (m).
A quantitative assessment of the St. Francis River macroinvertebrate 
community was conducted using artificial substrates or Hester Dendy samplers. 
Using boats, two groups of three samplers attached to concrete cinder blocks 
were lowered into the substrate approximately 22.8 m perpendicular from the 
bank. Samplers and blocks were anchored to the riverbank for aid in retrieval 
following a 30-day colonization period. Upon retrieval, organisms were washed 
from the plate samplers into a #40 sieve bucket, and preserved in 70% ethanol
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for later enumeration and identification. The macroinvertebrates were identified 
to the lowest practical taxonomic level (most often as genera) with the aid of 
published keys and records. Abundance values were calculated from each of the 
3 replicate samplers at each site. These results were presented as total numbers 
per 1 square meter. The relative abundance as a percent of each taxon was 
calculated at each site. Comparisons of abundance, diversity, total taxa, and 
dominance were estimated from organisms colonizing artificial substrates at 
each of the sites.
Physicochemical parameters were measured at the beginning and end of the 
colonization period. These parameters included temperature, pH. dissolved 
oxygen, conductivity, nitrate, nitrite, phosphorus, alkalinity, hardness, flow rate, 
and turbidity (APHA, 1995). All parameters were measured in the field except 
for alkalinity and hardness, which were determined in the laboratory.
RESULTS AND DISCUSSION
Seventy-two taxa representing twelve orders of benthic macroinvertebrates 
were identified from artificial substrates colonized at the six sites within the 
study reach (Table 2). Communities from the modified reaches at Marianna, 
L'Anguille, and Madison had moderately impacted communities as represented 
by diversity indices (H1) that were all below 2.07 (Table 3). Total taxa collected 
and community diversity indices for all sites, during all summers sampled were 
half those values reported for least-disturbed reference streams in the Arkansas 
Delta Ecoregion assessed during similar summer flows (ADPCE, 1987). The 
benthic community monitored at Madison also experienced the greatest 
reduction in both total taxa and abundance during the three year study. 
Modified channels within this reach had a clay to unstable sandy bank substrate, 
high turbidity, a lack of aquatic vegetation and a moderate to fairly swift current. 
The variability in community characteristics from year to year is typical of 
disturbed stream segments and has been attributed to seasonal influence of 
rainfall specifically for this riverine habitat (Cochran et al., 1990). This 
instability in channeled sections has been illustrated by low numbers of taxa, 
individuals, and diversity indices similar to that found in the present 
surveillance.
Table 2. Macroinvertebrate taxa identified from artificial substrates located at six sites in the St. 
Francis River Basin from 1996 - 1998.
Taxa
Marianna
(m)
L’Anguille
(m)
Madison
(m)
Huxtable
(u)
Soudan
(u)
Widener
(u)
X X XOligochaetae
Hirundinae X X X X X
Gastrodopoda
Ancylidae
Physella
X
X
X
X
X
X
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Table 2 contd. Macroinvertebrate taxa identified from artificial substrates located at six sites in 
the St. Francis River Basin from 1996 - 1998.
Marianna
(m)
L'Anguille
(m)
Madison
(m)
Huxtable
(u)
Soudan
(u)
Widener
(u)
Taxa
Valvata X
Bivalvia X
Sphaeridae X X X X
Sphaerium X X X X
Potamilus purpuratus X
Gammaridae X
Gamma rus X X X X
Palaemnetes kadiakensis X
Baetidae X X X
Baetis X X X X
Heptageniidae X
Stenonema X X X X X X
Stenacron X X X X X
Stenelmis X X X
Caenis X X X
Isonychia X X
Tricorythodes X X X
Hexagenia limbata X
Ephemera X X
Hexagenia X X X X
Branchycercus X
Calopterygidae X
Argia X X X X X X
Hetaerina X
Enallagma X
Corduliidae X
Dromogomphus X X X X
Erpetogomphus X
Libellula X
Epitheca X X
Perithemis X
Somatochlorae X
Neurocordulla X X X
Sialis X X X
Corydalus X
Chauliodes X
Trichoptera (pupae) X X X
Hydropsychidae X X X X X
Cymellus X X X X X X
Oecetis X
Polypomia X X X X X
Polycentropidae X X X X X
Chematopsyche X X X X X X
Hydropsyche X X X X X X
Nectopsyche X X X
Potamyia X X
Neureclipus X X X X
Pychnopshyche X
Leptoceridae X X
Rhyacophila X X X
Odontoceridae X
Dineutus X X X X
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Table 2 contd. Macroinvertebrate taxa identified from artificial substrates located at six sites in 
the St. Francis River Basin from 1996 - 1998.
Marianna
(m)
L’Anguille
(m)
Madison
(m)
Huxtable
(u)
Soudan
(u)
Widener
(u)
Taxa
Dubiraphia X
Ancyronyx X
MicrocylIoepus X
Listronotus X
Hydaticus X
Chironomidae X X X X X X
Chironomini X X X X X X
Orthocladiinae X X X X
Tanytarsini X X X X X
Hemerodromia X
Simulium X
Culicoides X
Tanypodinae X X X X X X
Tanyderidae X X X
Arcerpenna X X
Table 3. Community indices for benthic macroinvertebrates colonizing artificial substrates located 
at six sites in the lower St. Francis River.
Marianna
(m)
L’Anguille
(m)
Huxtable
(u)
Soudan
(u)
Madison
(m)
Widener
(u)
1996
Total Taxa 27 27 8 13 33 26
Abundance/m2 4,677 8.385 4,977 4,969 30.785 2.069
(%) Dominant Taxa 48.2 56.1 93.3 90.4 58.5 40.4
Shannon Diversity (H') 2.07 1.78 0.94 1.11 1.71 2.47
1997
Total Taxa 12 17 11 10 8 21
Abundance/m2 5,262 3.562 1.046 2.008 246 3,908
(%) Dominant Taxa 75.5 63.8 95.6 90.9 54.2 52.5
Shannon Diversity (H) 1.32 1.56 0.95 1.10 1.85 .90
1998
Total Taxa 12 9 11 14 5 15
Abundance/m2 862 562 1,454 1,592 246 877
(%) Dominant Taxa 58.8 71.2 71.7 57.5 86.1 45.5
Shannon Diversity (H') 1.69 1.40 1.40 1.70 1.20 2.20
Benthic communities characterized for the Widener site provided the most 
consistent measure of community stability within the study reach. While the 
Widener community was representative of the undisturbed St. Francis Cutoff, 
instream habitat was insufficient to support a community that was different from 
those associated with channeled segments. Such habitat is still influenced by 
transport of sediments and associated nutrients. Benthic communities from 
Huxtable and Soudan sites had low diversity values for 1996 and 1997 and high 
percent dominant taxa. Such divergence among sites suggested that river 
conditions might be limiting to an invertebrate community that cannot withstand
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high erosion and accompanying deposition of particulates. Mobility of 
sediments and transport of particulates during the three monitoring periods were 
both dominant factors structuring the colonization of benthic organisms at all 
sites. While there were no apparent limiting physicochemical factors for sites 
having exceptionally low community indices, the Huxtable and Soudan sites had 
higher turbidity values, although not statistically significant. Temperatures at 
those sites also approached the thermal maxima for many aquatic organisms 
(Table 4). Fortunately, the St. Francis River seems to support high dissolved 
oxygen concentrations even during low summer flows.
The sediments of the St. Francis River are repositories of accumulated 
nutrients and toxins that then present the sessile benthic macroinvertebrates as 
suitable monitors to reflect changes in the chemical, successional or pollution 
status of a stream (Rosenberg and Resh. 1993). Erosion, whether from 
agricultural practices or dredging activities in the basin, often results in the 
introduction of substantial amounts of particulate matter. The effects of these 
introductions on aquatic macroinvertebrates may be quite serious since food 
collection or respiration can be obstructed and because the substances reduce 
light penetration and fill interstices within the substrate (Wiederholm, 1984). 
The communities sampled in this study were all impacted by habitat loss and the 
accompanying changes of an ecosystem that has lost the regularity and 
predictability of a historic guiding flood pulse. Ongoing studies are being 
conducted to quantify habitat availability according to standard habitat 
assessment protocols adapted to deltaic streams. Watershed scale assessment of 
non-point source pollution control afforded by improved best management 
practices will be difficult in the midst of such modified conditions and impacted 
communities. This places even greater emphasis on integrated field 
measurements from demonstration plots coupled with in-stream responses and 
standardized biomonitoring techniques.
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Table 4. Mean physicochemical parameters measured during benthic macroinvertebrate monitoring of the lower St. Francis River, 1996 - 1998.
Parameter
Marianna
(m)
L’Anguille
(m)
Huxtable
(u)
Soudan
(u)
Madison
(m)
Widener 
(u)
Dissolved O2 (mg/L) 6.4 (±0.7) 5.8 (±0.6) 6.9 (± 1.8) 7.0 (±2.2) 6.7 (±0.7) 6.6 (±2.0)
pH 7.4 (±0.7) 7.2 (±0.5) 7.4 (± 0.7) 7.5 (±0.7) 7.3 (±0.6) 7.5 (±0.7)
Conductivity (μS/cm) 244 (+99) 294 (± 160) 288 (±113) 298 (±97) 213 (± 145) 296 (±117)
Temperature (°C) 28.6 (± 1.9) 28.6 (±2.0) 30.7 (±2.7) 30.4 (±3.2) 29.3 (±2.4) 29.2 (±2.6)
Turbidity (NTU) 81.0 (±57.2) 56.9 (±58.7) 90.7 (±73.0) 93.3 (±39.0) 61.4 (±20.2) 119.8 (±38.6)
Phosphorous (mg/L) 5.96 (± 12.96) 7.61 (±14.14) 3.08 (±5.18) 2.89 (±5.54) 11.66 (±24.23) 0.94 (±0.52)
Nitrate (mg/L) 0.04 (±0.06) 1.61 0.32 (±0.47) 0.28 (±0.49) 0.07 (±0.11) 0.06 (±0.06)
Nitrite (mg/L) 0.06 (±0.08) 0.13 (±0.22) 0.16 (±0.23) 0.26 (±0.36) 0.06 (±0.04) 0.30 (±0.48)
Flow (m/sec) 0.58 (±0.47) 0.48 (±0.33) 0.25 (±0.05) 0.21 (±0.05) 0.44 (±0.40) 0.21 (±0.14)
Alkalinity (mgCaCO3 /L) 109 (±68) 119 (±69) 114 (±67) 116 (±71) 107 (±71) 103 (±61)
Hardness (mgCaCO3 /L) 120 (±62) 122 (±71) 120 (±70) 128 (±72) 117 (±68) 120 (±62)
TDS (mg/L) 63.5 (±89.6) 72.4 (± 102.2) 74.4 (± 104.8) 69.9 (±98.6)
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INTRODUCTION
Bayou Bartholomew has been identified as an environmentally impacted 
watershed. A suspected contributor to poor water quality in the Bayou 
Bartholomew is cotton production, which dominates the region. The intensive 
tillage associated with cotton production could be partially responsible for the 
sediment loading and nutrient enrichment of Bayou Bartholomew. 
Demonstrations of conservation tillage technology with cotton are currently 
being conducted in the Bayou Bartholomew watershed. This work is being 
conducted in association with the United States Environmental Protection 
Agency (US-EPA), Arkansas Soil and Water Commission (ASWC), and the 
Arkansas Water Resources Center (AWRC).
The first part of this study was to determine the current concepts of cotton 
conservation tillage held by producers in the Bayou Bartholomew region. A 
survey was sent out on 30 April 1998.
SURVEY LETTER
The cover letter of the survey indicated the group we needed for information, 
cotton producers of the Bayou Bartholomew watershed. Further, it told the 
recipient that the purpose of the survey was to determine the extent of 
conservation tillage utilized in cotton production in this region. The letter 
assured the producers that their name and address would not appear in any 
report.
To encourage a higher rate of return, the letter said that the recipient could 
omit any information they felt uncomfortable providing. This was added to the 
letter to prevent potential conflicts between land owners and tenant farmers. 
Provided information was analyzed and compiled regardless of degree of 
completion.
FEATURES OF THE SURVEY
The survey was divided into three sections. First part of the survey, 
questions 1 - 4, dealt with current and projected acreages. These questions were 
designed to ascertain the perceived changes in acreage of conservation tilled 
cotton.
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1. Number of total acres of cotton I farmed in 1997.
2. Number of acres of cotton in conservation tillage I farmed in 1997.
3. Projected total number of acres of cotton I will farm in 1998.
4. Projected number of acres of cotton in conservation tillage I will farm in 
1998.
The second part, questions 5-10, of the survey dealt with ideas and 
importance of conservation tillage. This section was used to evaluate what the 
respondents thought of protecting Bayou Bartholomew and the soil resource. 
Questions five through seventeen were answered by the respondent using a 0 to 
10 scale (0=Strongly Disagree; 5=Neutral; 10=Strongly Agree).
5. Conservation tillage of cotton is important in protecting the Bayou 
Bartholomew watershed.
6. Conservation tillage of cotton is important in preventing soil erosion and 
sediment loss from fields.
7. Conservation tillage of cotton is important in preventing loss of nitrogen 
and phosphorus from fields.
8. Conservation tillage of cotton is important in preventing pesticide 
movement and loss from fields.
9. Conservation tillage of cotton is important in reducing production costs and 
saving time.
10. The use of conservation tillage is increasing in cotton production
Southeast Arkansas
Third part of the survey, questions 11 - 17. dealt with the reasons 
conservation tillage is not employed by cotton producers in the Bayou 
Bartholomew watershed. Most cotton grown in this region is conventionally 
tilled, therefore the answers of the respondents designated potential areas of 
work and improvement.
11. The use of conservation tillage is increasing in cotton production in 
Southeast Arkansas.
12. The primary drawback of using conservation tillage is yield loss.
13. The primary drawback of using conservation tillage is equipment cost.
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14. The primary drawback of using conservation tillage is weed control.
15. The primary drawback of using conservation tillage is insect control.
16. The primary drawback of using conservation tillage is lack of research 
information.
17. The primary drawback of using conservation tillage is lack of technology 
transfer.
This survey was sent to all cotton producers on the Cooperative Extension 
Service mailing lists for Ashley, Drew/Desha, Jefferson, and Lincoln counties in 
the Bayou Bartholomew watershed.
SURVEY RESPONSES
A total of 322 surveys were mailed to cotton producers and land owners in 
the Bayou Bartholomew watershed. Thirty responses were received over the 
next three months for a final response rate of 9.3%. The counties differed 
greatly in response rate. The highest was Lincoln County with 17.8% 
responding. The lowest was Ashley County with no one responding to the 
survey.
FIRST SECTION OF THE SURVEY (QUESTIONS 1 - 4)
Responses from all counties indicated the respondents were mostly from 
large farms. The average size cotton farm was reported to be 1120 acres. 
Lincoln County reported the largest cotton acreage at 1509 acres per farm. 
Cotton acreage was reported to have declined 12.2% from 1997 to 1998. This 
decline reflects the general decline in cotton acreage during these years. Poor 
prices for cotton and surprisingly good prices for corn fueled the shift in acreage 
from cotton to corn. The decline in total cotton acreage was accompanied by an 
increase in cotton produced under conservation tillage. Average conservation 
tillage acreage reported by the survey respondents increased from 28.3% in 1997 
to 33.0 % in 1998. Acres of conservation tillage cotton increased in 
Drew/Desha and Lincoln counties by 7.2% and 38.3% despite net losses of total 
cotton acres.
SECOND SECTION OF THE SURVEY (QUESTIONS 5-10)
Protecting Bayou Bartholomew was considered to be only moderately 
important by the respondents averaged across all counties. Drew/Desha county 
producers tended to think that protection of the Bayou was less important than 
producers in Jefferson county. Respondents felt strongly that conservation 
tillage was important to reducing soil erosion. This response was uniform
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across the counties. Nutrient loss (nitrogen and phosphorus) and pesticide loss 
from fields were not considered to be important issues to the respondents.
Generally, the respondents felt strongly that conservation tillage would help 
reduce production costs. This was especially true in Lincoln and Jefferson 
counties. The Drew/Desha county producers were close to neutral in their 
opinions of the effect of conservation tillage on production costs.
Nearly all respondents expected conservation tillage to become more 
important. They felt strongly that land area used in producing conservation 
tillage cotton would increase. This response was uniform across the three 
counties and very close to uniform among individual respondents.
THIRD SECTION OF THE SURVEY (QUESTIONS 11-17)
Yield loss was not considered a drawback in any county. This perception 
by cotton growers will be necessary for increased adoption of conservation 
tillage practices in the Bayou Bartholomew watershed. The respondents from 
Drew/Desha county felt very strongly that lint yields of cotton could be 
maintained under conservation tillage conditions.
Equipment costs and pest control (weeds, diseases and insects) were not 
considered to be limiting the use of conservation tillage by the respondents. The 
opinion of the respondents regarding equipment costs is not surprising because 
less equipment is usually required in conservation tillage field operations (Bill 
Teeters, personal communication). The opinion that pest control is not a 
drawback is surprising, especially weed and disease control. Cotton production 
has traditionally employed a substantial amount of physical weed control, 
mostly by plowing. Advances in chemical weed control and the products 
available have given producers a greater chance of controlling weeds in 
conservation tillage cotton. The respondents opinion regarding disease control 
was also surprising. Conservation tilled seed beds tend to be cooler than 
conventionally tilled beds. Cooler beds tend to promote the growth of the 
pathogenic fungi primarily responsible for seedling disease in cotton. 
Additionally, cotton seedlings tend to grow faster in warm seed beds (Chambers, 
1995).
Responses to questions 16 and 17 indicate that producers feel more work 
should be done by University of Arkansas in both research and technology 
transfer. Both areas were scored neutrally by the respondents indicating that 
they neither agreed nor disagreed that lack of university efforts were a drawback 
to the adoption of conservation tillage practices in the Bayou Bartholomew 
watershed.
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INTRODUCTION
Irrigation water quality and quantity are important issues concerning the 
sustainability of agriculture in eastern Arkansas. Rice (Oryza sativa L.) and 
soybeans (Glycine max Merr. L.) are typically grown in rotation in eastern 
Arkansas and require substantial amounts of irrigation water for optimum 
production. A review of agricultural water management practices in the 
Mississippi Delta Region in Arkansas was published by Scott et al. (1998). 
Tacker (1992) estimated that soybean requires 50 to 60 cm of available water 
per season from rainfall and irrigation. Tacker and Slaton (1992) reported that 
rice irrigation water pumped on 42 Rice Research Verification Program fields 
(RRVP) averaged 87.9 ha cm ha-1 (34.6 acre inches acre-1). Ground water was 
the primary source of irrigation water used on 85% of the RRVP fields. These 
values represent a significant amount of ground water use for irrigation of 
soybean and rice. The quantity of ground water used for crop irrigation is an 
important issue concerning ground water depletion and the sustainability of row 
crop production due to use of poor water quality in eastern Arkansas.
Moore et al. (1992) found that ground water used tor rice irrigation in 
southeast Arkansas had higher electrical conductivity, chloride, calcium, sodium 
and sulfate compared with surface water sources. The Arkansas Cooperative 
Extension Service recommends that irrigation water with EC (electrical 
conductivity) greater than 1200 μS cm-1 or 770 mg salt kg-1 not be used tor 
irrigation of rice (Tacker et al., 1994). Critical levels for calcium, bicarbonate, 
chloride, and sodium adsorption ratio (SAR) for rice irrigation water are 3 meq 
L-1, 5 meq L-1, 3 meq L-1, and 10. respectively. Water containing concentrations 
greater than the listed critical values are not recommended for rice irrigation due 
to possible detrimental effects to the crop and soil.
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Maas and Hoffman (1977) rated rice and soybean, moderately sensitive and 
moderately tolerant to salinity, respectively. Based on their findings yield 
reductions would be expected when conductivity of saturated paste extracts 
exceeds 5000 μS cm-1 for soybean and 3000 pS cm-1 for rice. Despite 
differences in salt tolerance ratings, both crops are sensitive to chloride salts 
(Baser and Gilmour, 1982; Parker et al., 1983).
The concentration of calcium, magnesium, and bicarbonate present in well 
water are also of concern since these elements may precipitate as lime resulting 
in increased pH near water inlets (Gilmour et al., 1977). The likelihood of zinc 
and phosphorus deficiencies increase for rice grown on calcareous soils and 
result in additional production costs to growers. Since poor quality irrigation 
water may reduce soil productivity, crop yields and quality, and increase 
production expenses, improved management recommendations for irrigation 
water use are needed in Arkansas. This demonstration study was implemented 
to evaluate water quality of several wells, determine the effects of water quality 
on soil characteristics, and implement best management practices to improve 
water quality on a 2000 acre rice and soybean farm near Brinkley. Arkansas.
PROCEDURES
The 2000 acre farm selected for this study is located in the Bayou de View 
watershed in Monroe County. Arkansas south of Brinkley. During 1998, 16 
irrigation sources used for row crop irrigation were sampled four times to assess 
the potential impact of sampling time on water quality testing. Thirteen water 
sources were sampled directly from irrigation wells and three were from relifts 
in drainage ditches. Well depth ranged from 36 to 49 m with estimated flow 
rates of 114 to 409 m3 h-1. Water sample dates were 11 June. 9 July. 5 August, 
and 1 September 1998. Wells, if not running, had to pump water for a minimum 
of five minutes before water samples were collected. Water collection bottles 
were rinsed three times in well water before filling completely full to insure 
there was no air space and then tightly capped. Water samples were placed in a 
cooler containing ice and shipped to the Arkansas Water Resources Center 
Water Quality Laboratory at the University of Arkansas, Fayetteville. 
Measurements of water quality included calcium, magnesium, sodium, 
bicarbonate, chloride, sulfate, EC. and SAR. Anion and cation concentration in 
irrigation waters were determined by ion chromatography and inductively 
coupled argon plasma spectroscopy, respectively. Irrigation water quality 
measurements of chloride, bicarbonate and calcium were evaluated for their 
long-term effect on rice production by use of a computer model similar to the 
one described by Ferguson and Gilmour (1981).
To determine the effect of sample time on water quality measurements, data 
were subjected to analysis of variance using the different water sources as 
replications and sample time as treatment arranged as a completely randomized 
one factor design. Data were analyzed using the GLM procedure of SAS. 
Where appropriate differences among sample times were identified using
29
Fisher’s least significant difference test at the 0.05 significance level of 
probability.
RESULTS
Sample time did not significantly effect any measured water quality 
parameter (data not shown). Therefore, sample times were averaged for each 
water source to obtain mean concentrations for water quality evaluation (Table 
1). The lack of significant differences in water quality measurements across 
sample times during 1998 suggests that an accurate evaluation of water quality 
may be obtained from a single sample assuming proper sampling guidelines are 
followed.
Based on established irrigation water quality guidelines published by Tacker 
et al. (1994), well water was divided into three quality groups (Table 2). Using 
EC and chloride as quality evaluation parameters, only two wells and one relift 
were classified as having "good quality” water. These three water sources were 
located in the northwest quarter of the farm. Water sources with “average" 
quality also tended to be located near the good quality sources. Based on 
chloride concentration, the majority of the irrigation water was found to be 
"poor” and unsuitable for crop irrigation and could result in soil salinity 
problems and crop injury with continuous use. For every 1 meq chloride L-1  
about 45 kg chloride ha-1 is delivered per 12.3 ha cm of water pumped. This is a 
considerable amount of chloride deposition on Arkansas soils considering that 
rice may receive six times this amount of water per ha and water sources on this 
farm contained up to 9 meq chloride L-1.
All irrigation water tested was found to have average or high concentrations 
of calcium and bicarbonate (Table 1 and 2). Bicarbonate concentrations ranged 
from 3.7 to 9.0 meq L-1. Only two bicarbonate concentrations were below the 
critical threshold of 5 meq L-1. Likewise, only one calcium concentration was 
below the critical threshold of 3 meq L-1. The three water samples from relift 
pumps contained the lowest bicarbonate and calcium concentrations, but only 
one sample was below the critical thresholds. All water samples, except this 
single relift sample, would be expected to increase soil pH in water inlets. Zinc 
and phosphorus deficiencies would be expected to develop in these areas when 
rice is grown in rotation. Supplemental lime application would not be needed on 
many of the fields on this farm. Soil acidification may actually be required to 
reduce soil pH to maintain rice productivity.
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Table 1. Selected water quality measurements, averaged across sample dates, for 16 water sources 
sampled during 1998 on a 2000 acre farm in Monroe County. Arkansas.
Water 
Source
Cations Anions
EC
Ca Mg Na HCO3 Cl SO4
meq L-1 pS cm-1
Ml 5.5 2.8 3.5 8.6 2.5 0.3 1180
M2 3.7 2.1 1.5 5.8 1.2 0.5 810
M3 3.9 2.1 2.4 6.2 1.9 2.4 900
MRN 2.4 1.4 1.1 3.7 1.0 0.2 550
L1 5.8 3.0 4.6 8.8 4.4 0.3 1240
L2 5.5 2.9 6.0 9.0 4.4 0.3 1300
M4 5.2 2.8 4.4 7.1 4.7 0.3 1200
LRE¶ 3.8 3.5 6.9 4.9 7.5 0.5 1460
M5 4.3 2.5 3.3 6.4 3.5 0.4 1110
MRS¶ 3.5 3.0 5.0 5.1 5.5 0.4 1150
L3 6.2 3.2 8.7 7.7 8.1 0.1 1610
L4 6.0 3.7 7.7 7.5 9.0 0.4 1740
L5 7.6 4.2 6.9 8.5 7.8 1.4 1640
M6 7.1 4.1 6.3 8.3 7.4 0.9 1560
M7 7.2 4.0 7.9 8.7 7.7 2.1 1700
M8 6.3 3.5 9.2 8.4 8.8 0.7 1920
†Water source is from a well unless otherwise stated. 
¶Water from relift pump.
Table 2. Number of water sources classified as having good, marginal (average), or poor water 
quality based on mean EC. chloride, or bicarbonate concentrations for a Monroe County. AR farm.
Water
Quality
EC Chloride Bicarbonate
Wells μS cm-1 Wells meq L-1 Wells meq L-1
Good 3 <0.9 3 <2.5 0 < 3.5
Average 6 0.9-1.3 2 2.5-3.5 3 3.5-5.5
Poor 7 > 1.3 11 >3.5 13 > 5.5
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Well water was shown to contain relatively low amounts of sodium and 
sulfate (Table 1). The calculated SAR ranged from 0.8 to 4.0 for the 16 water 
sources, which is below the critical SAR of 10. Sodic soils would not be 
expected to result from use of this irrigation water. Despite low soil organic 
matter content and low sulfur analysis of commercial fertilizers, sulfur fertilizer 
application is generally not needed on silt loam and clay textured soils in 
Arkansas. One reason may be that adequate sulfur is supplied by irrigation 
water. Well water sulfate concentrations ranged from 0.1 to 2.4 meq L-1. 
Irrigation water containing 1.0 meq sulfate L-1 would deliver about 16 kg sulfur 
per 12.3 ha cm of water pumped.
Estimates of well water effect on soil pH were made using a computer 
program similar to that described by Ferguson and Gilmour (1981). Preliminary 
assumptions of 29 ha average field size, pumping capacity of 272 m3 h-1. rice - 
irrigated soybean rotation, and a starting soil pH of 6.0 were made for evaluating 
the influence of water quality on soil pH after 6 and 12 years of irrigation. 
Predictions showed that water from LRE, M2, M3, M5, and MRS sources would 
increase soil pH from 6.0 to between 6.4 to 6.6 and 7.0 to 7.5 after 6 and 12 
years of irrigation, respectively. Only MRN water failed to increase soil pH. 
All other water sources would increase soil pH above 7.0 within 6 years and to 
8.3 by 12 years.
SUMMARY
Data clearly indicates that growers need to sample all wells on a farm to 
accurately represent the range in irrigation water quality that can occur. 
Sampling selected wells may not provide a good evaluation since water quality 
may change within relatively short distances between wells. A single sample 
from each well will be representative of water quality for a given year, however, 
the scope of this study does not provide information concerning how frequently 
wells should be sampled to account for changes in water quality across larger 
time intervals due to declining water tables and salt water intrusion. Data also 
suggest that water relifted from drainage ditches may be poor quality. Most of 
the water sampled from irrigation sources on this farm may lead to salinity and 
alkalinity related production problems. The next step of this project is to 
determine how to maximize use of good quality water and reduce use of poor 
quality water on this farm.
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INTRODUCTION
The use of ground water in Arkansas, since 1964, has increased by over 
three-fold (Arkansas Soil and Water Conservation Commission (ASWCC), 
1995). Expansion of the rice production area following the elimination of rice 
acreage quotas in 1974 accounted for most of the increase in ground water use. 
Irrigated agriculture uses over 92% of the total ground water supplied in 
Arkansas. At the current rate of use of ground water, irrigated agriculture in 
eastern Arkansas is not sustainable. Improving on-farm water management 
(Scott et al. 1998), diverting surface water from the White River (US 
Department of Defense. 1998), and development of on-farm reservoirs are ways 
of augmenting ground water supply to maintain a sustainable irrigated 
agricultural system in eastern Arkansas. The objective of this paper is to discuss 
the economics of on-farm reservoir investment.
An economic-biophysical model has been developed to analyze the 
economic returns to investing in on-farm reservoirs under alternative 
environmental and management conditions. This framework should be a useful 
decision tool for farmers, extension agents, private firms and public agencies 
who are concerned with the ground water depletion problem at either the 
individual farm level or regional level. MARORA (Modified Arkansas 
Offstream Reservoir Analysis) is a computer model that simulates at the farm 
level, the collection and use of surface water in on-farm reservoirs for rice and 
soybean irrigation, the most typical crop rotation in eastern Arkansas. The 
model estimates the costs and returns of reservoir investment and use under 
different farm resource situations with varying ground water supply levels. 
MARORA currently is designed to evaluate on-farm reservoirs at the individual 
farm level. The model estimates the optimal reservoir size and economic 
returns, after accounting for ownership (except land) and operating costs. The 
residual returns are estimates of the return to land. Analysis presented in this 
paper focuses on the impacts of on-farm reservoirs on land values under 
alternative ground water conditions.
THE WATER PROBLEM IN EASTERN ARKANSAS
Ground water depletion is a significant problem facing farmers in eastern 
Arkansas (Scott et al., 1998). The ASWCC declared six counties in eastern 
Arkansas critical ground water areas by 1998 as a result of over-pumping. Five 
other counties have incurred significant aquifer decline levels. Depletion of the 
alluvial aquifer is also contributing to increased soil salinity and alkalinity
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problems in various parts of the delta. Surplus surface water is available in the 
region including rainfall runoff and irrigation tail water; however, many farmers 
have been reluctant to invest in high-cost on-farm reservoirs until their ground 
water supply becomes critical. With an average annual Alluvial Aquifer 
recharge rate as low as 3.3 cm., the long-term sustainability of irrigated cropping 
in eastern Arkansas based on ground water is extremely limited (Scott et al., 
1998). Excessive pumping of ground water today will ensure that irrigated 
agriculture will be far more expensive or even impossible in future years. This 
dynamic externality problem involves a common aquifer resource, and affects 
future farmers who are unable to express their interests for a more efficient 
reallocation of ground water supplies over time. Common resource dynamic 
externality problems such as this typically require public policies to provide 
incentives to solve the inter-temporal allocation problem.
Major constraints on the substitution of surface water use for irrigation 
include poor incentives to conserve ground water as the aquifer decline is related 
to pumping by all farmers. Furthermore, short-run investment costs of reservoir 
construction are much higher compared with the costs of drilling a new well. 
Until now, there has been limited public assistance to conserve ground water 
and virtually no control over pumping or drilling of new wells. Proposals to 
address the water supply problem include increased surface water use from on- 
farm reservoirs and stream diversion, improved field efficiency, improved water 
management and increased public assistance for ground water conservation.
METHODOLOGY
MARORA, an irrigation system analysis model, has been developed for on- 
farm use to evaluate net benefits of ground water conservation practices for rice 
and soybean production. The model developed initially by Edwards and 
Ferguson (1990) for soybean irrigation only, estimates the present value of 30 
years projected net annual farm income and identifies the optimum on-farm 
reservoir size to supplement ground water use. For this study, we have 
substantially modified the original model. Rice production was added in the 
cropping system to reflect the typical soybean and rice crop mix in eastern 
Arkansas. A tail water recovery system was also added to account for capture of 
runoff. The model also has been refined to evaluate multiple use benefits (e.g. 
wildlife habitat) of on-farm reservoirs and to assess the need for public funding 
assistance.
Important parameter inputs to MARORA include: 1) weather data, 2) crop 
and field data for rice and soybean production, 3) ground water supply data, 4) 
irrigation system data, 5) reservoir design criteria data, 6) well, irrigation and lift 
pump data; and 7) economic data. For a complete list of parameters and default 
values see appendix table 1. The model simulates crop production by 
calculating daily irrigation requirements based upon daily weather data and crop 
stage of growth. Thirty years of production are simulated to evaluate whether 
investment in an on-farm reservoir will result in higher net returns.
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Model output from MARORA includes: 1) a yearly summary of
meteorological data generated stochastically with a weather generator model 
based on long term weather data from the closest weather station with complete 
data, 2) annual summary of irrigation delivery operating costs. 3) a yearly 
summary of general ownership and operating costs for the rice/soybean farm, 
and present worth of income, 4) an itemized list of average annual ownership 
and operating costs, 5) a yearly summary of irrigation water use and recovery. 6) 
a summary of reservoir characteristics if the reservoir is selected as a profitable 
investment, and 7) specification of the optimal reservoir size to maximize the 
present worth of annual net income over a 30-year period.
APPLICATION OF THE MODEL
The MARORA model has recently been validated for investment and use of 
on-farm reservoirs on representative farms in Northeast Arkansas and the Grand 
Prairie regions. Representative farm level data have been collected from panels 
of selected producers in Poinsett and Arkansas counties, respectively.
Common assumptions in the model used for the two study regions for 
model application include: 1) two initial saturated thickness levels of 25 and 50 
feet: 2) three annual water table decline rates of 0.5, 0.75 and 1.0 feet per year: 
3) production costs based on Arkansas Cooperative Extension Service budget 
data for 1999; 4) a farm production area of 320 acres with two irrigation wells; 
5) a discount rate of 8% to calculate the present worth of 30-year annual net 
farm income; 6) silty loam soils; 7) a field irrigation application efficiency of 
90% for rice and 65% for soybeans; 8) assumed annual fill of the reservoir plus 
refill of tail water runoff during the growing season only.
The major cropping system difference in the two study regions (Poinsett 
county in the Northeast and Arkansas county in the Grand Prairie) is in terms of 
the crop rotation with 1:2 ratio of rice to soybeans in Arkansas county and a 1:1 
ratio of rice to soybeans in Poinsett county. With more rice in the rotation in 
Poinsett County than in Arkansas County, the water requirements are higher. 
Benefits from duck habitat were included only in the analysis for Arkansas 
County. Annual duck habitat benefits were valued at $30 per surface acre of the 
reservoir area. Initial ground water depth is 100 ft in Poinsett County compared 
to 200 ft in Arkansas County. Expected irrigated soybean yields in Poinsett are 
40 bu/acre compared to 52 bu/acre in Arkansas County. Rice yields are 155 
bu/acre for both counties.
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RESULTS AND DISCUSSION
Representative farm conditions were simulated over a 30-year period for 
Poinsett and Arkansas counties to estimate the optimal reservoir size and present 
value of net returns. Analysis using MARORA has already shown that given the 
choice of drilling more wells versus investing in a reservoir, the producer will 
drill wells to maximize the present worth of net income, without public 
subsidies (Young et al., 1998). The analysis presented below is based on 
answering the questions, 1) what is the optimal size of a reservoir if a 
representative farm is constrained from drilling more wells to increase ground 
water supply? and 2) what are the effects on net returns from limiting farms to 
existing wells given the alternatives of constructing an optimal size reservoir or 
none at all? The present value of net returns estimate can be interpreted as land 
value, since all other costs, except management, of producing rice and soybeans 
are subtracted from the gross returns. The model was simulated by varying 
three parameters: 1) initial saturated depth at 25 and 50 feet, 2) annual rate of 
decline of saturated thickness at 0.5, 0.75, 1.0 ft per year, and 3) low, medium, 
and high crop prices, i.e. $4.00. $5.00, and $6.00/bu for rice and $5.40, $6.75, 
and $8.10/bu for soybeans, respectively. Once again, these simulations also 
constrained the representative farms from installing more wells as needed, i.e. 
farms could only increase available water supply with a reservoir.
The optimal reservoir size for the 320-acre production area in Poinsett 
county was 620 acre-feet (82 surface acres) for an initial saturated depth of 25 
feet and an 180 acre feet (25 surface acres) reservoir at the initial saturated depth 
of 50 feet. In Arkansas county slightly smaller reservoirs were optimal; 540 
acre-feet (72 surface acres) was the optimal size at 25 feet saturated depth and 
120 acre-feet (17 surface acres) at 50 feet saturated depth. These reservoir sizes 
were optimal for all price levels and rates of decline in the water table. An 
increase in reservoir capacity of approximately 18 acre-feet or 2.25 surface acres 
are needed in the optimal solutions for every foot less of saturated thickness.
Table 1 shows the present value of net income for representative farms in 
both counties assuming medium price levels, at alternative saturated depths and 
ground water decline rates. The present value of net income is calculated by 
summing the discounted stream of annual net incomes for 30 years, generated 
by rice and soybean production, including the cost of the reservoir investment 
and the foregone value of production on the land used for the reservoir. The 
results show the effect on present worth of net returns or land values from the 
initial ground water saturated depth and the rate of decline in the water table. 
For example, in Poinsett County, at an initial saturated depth of 50 feet, the 
difference in the present worth of net returns for a decline rate of 0.5 ft/year 
compared 1.0 ft/year is $58,000. This difference translates into a 30-year 
investment value of $181.25/acre for land with the lower water table decline 
rate. At the 25 feet saturated depth, simulation results for variation in the rate of 
water table decline show only small differences in land values. The effect of the 
initial saturated depth is estimated by comparing the same rate of decline in the 
water table for the 25 and 50 feet saturated depth estimates. For example for
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Arkansas county, the difference in the present worth of net returns at a 1 ft/year 
decline rate at the 50 ft initial saturated depth compared to the 25 ft initial 
saturated depth is $90,000 (table 1). This translates into an impact on the land 
value of the 320-acre production area of $11.25 per acre for each foot of 
saturated depth.
The estimated differences in present worth of income with and without a 
reservoir are shown in tables 2 and 3. The representative farm in Poinsett 
County with 25 feet initial saturated thickness and medium level crop prices, 
incurred a negative $131,000 income without a reservoir compared with 
$474,000 with a reservoir.
Table 1. Present Worth of Net Returns for Optimal Reservoir Size under Alternative Water Table 
Saturated Depths and Rates of Decline for Representative Farms (320 acres).
Saturated Depth (ft) Rate of Decline 
(ft/yr.)
Poinsett County 
(thousand $)
Arkansas County 
(thousand $)
25 0.5 477 516
25 0.75 477 516
25 1.0 474 516
50 0.5 671 644
50 0.75 669 642
50 1.0 613 606
Table 2. Effect on Present Worth of Net Returns for Poinsett County Representative Farm with 
Optimal Size Reservoir compared to No Reservoir under Alternative Crop Price Levels and Initial 
Saturated Depth of Water Table Declining at 1 ft/year
Crop Price 
Level
Saturated
Depth
With
Reservoir 
(thousand $)
Without
Reservoir 
(thousand $)
Total 
Difference 
(thousand $)
Per Acre 
Difference 
($)
Low 25 196 -237 433 1,353
Low 50 282 116 166 519
Medium 25 474 -131 605 1.891
Medium 50 613 353 260 813
High 25 751 -24 775 2,422
High 50 945 589 356 1,113
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Table 3. Effect on Present Worth of Net Returns for Arkansas County Representative Farm with 
Optimal Size Reservoir compared to No Reservoir under Alternative Crop Price Levels and Initial 
Saturated Depth of Water Table Declining at 1 ft/year
Crop Price 
Level
Saturated
Depth
With 
Reservoir 
(thousand $)
Without 
Reservoir 
(thousand $)
Total 
Difference 
(thousand $)
Per Acre 
Difference 
($)
Low 25 244 -69 313 978
Low 50 281 256 25 78
Medium 25 516 71 445 1,391
Medium 50 606 532 74 231
High 25 787 211 576 1.800
High 50 930 808 122 381
When converted to a land investment value, sustaining the cropping system 
with a reservoir adds an estimated $1,891 per acre. This difference is a result of 
rice production being discontinued after the 6th year of the 30-year simulation 
without a reservoir and the assumption that additional wells cannot be added to 
the farm. The difference in income with and without a reservoir for the 
representative farm in Arkansas County was $445,000 ($1,391 per acre) at the 
25 feet initial saturated thickness and medium level prices. Differences in 
income at the 50 feet initial saturated thickness with and without reservoirs were 
less but still important.
CONCLUSIONS AND IMPLICATIONS
The analysis in this study shows that estimated benefits of an on-farm 
reservoir are influenced by the initial ground water saturated depth, the rate of 
water table decline, the level of crop prices and the importance of rice in the 
cropping system. The results show that investment in on-farm reservoirs can 
have a significant impact on the representative farm’s net income. Differences 
in the present worth of income and land value with and without a reservoir were 
substantial, particularly with an initial saturated thickness of 25 feet. The 
estimates were based on a limiting assumption that the representative farmer is 
prevented from drilling additional wells to supplement existing ground water 
supplies. While this constraint does not hold currently, the continuing ground 
water depletion in eastern Arkansas is beginning to make this a reality. As 
shown in previous analysis (Young, et al, 1998), most producers will drill more 
wells rather than invest in on-farm reservoirs because the present worth of net 
income is higher with wells compared to reservoirs from the individual 
farmer/land owner’s perspective.
Differences in present worth of net incomes over 30 years with and without 
a reservoir are a useful means of evaluating the profitability of on-farm 
reservoirs. The MARORA model can be useful for assessing regional impacts 
and cost sharing policies to address the water supply problems confronting the 
Mississippi Delta in Eastern Arkansas. Additional improvements for the 
MARORA model are underway including modifications to account for water 
quality and long-term soil quality benefits from the use of reservoir irrigation.
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Appendix Table 1
List of parameters for MARORA model simulation
Number of years to simulate
Simulation option (0 = non-opt 1 = opt) 
Insufficient water (1 = wells 0=stop rice) 
Tailwater recovery (1 =all year 0=crops) 
Reservoir refill date (date 999=no refill) 
Reservoir refill volume (acre feet) 
Total farm acres (decimal)
SCS curve num for ave moisture
Ave elevation of fields in feet (integer) 
Mean of solar rad sine wave
Amplitude of solar rad sine wave 
Phase shift of solar rad sine wave 
Soil evaporation (alphasoil) (mm) 
Soil evaporation (usoil) (mm) 
Depth of soybean root zone (inches) 
Available water in root zone (in/in) 
Albedo (soil)
Day of year for planting soybeans (date) 
Days to maturation for soybeans
Max expected soybean crop yield (bu/ac) 
Maxi expected rice crop yield (bu/ac) 
Day of year for planting rice (julian date) 
Days until rice maturity
Percent of acreage planted in rice 
Tailwater recovery rate
Day of year to flood for ducks 
Duck lease rate (dollars per acre) 
Interest rate
Discount rate
Insurance rate
Tax rate as fraction of initial cost 
Soybean price ($/bu)
Rice price ($/bu)
Soybean seed cost (S/ac)
Soybean fertilizer cost ($/ac)
Soybean lime & application cost ($/ac)
Soybean herbicide cost ($/ac)
Soybean fungicide cost ($/ac)
Soybean insecticide cost (S/ac)
Soybean defoliant cost ($/ac)
Soybean aerial application cost (S/ac)
Soybean fuel, oil. and lub cost (S/ac)
Soybean machine repair cost ($/ac)
Soybean labor cost ($/ac)
Soybean custom spread cost ($/ac)
Soybean custom haul cost ($/bu)
Soybean custom drying costs ($/bu)
Soybean misc cost (S/ac)
Soybean crop insurance costs (S/ac)
Soybean other costs (S/ac)
Rice seed costs ($/ac
Rice fertilizer costs (S/ac)
Rice lime cost (S/ac)
Rice herbicide costs ($/ac)
Rice fungicide costs ($/ac)
Rice insecticide costs (S/ac)
Rice defoliant costs (S/ac)
Rice aerial application cost ($/ac)
Rice fuel, oil, & lube cost (S/ac)
Rice machine repair costs (S/ac)
Rice labor costs (S/ac)
Rice custom spread costs ($/ac)
Rice custom haul costs ($/bu)
Rice custom dry costs ($/bu)
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Appendix Table 1
List of parameters for MARORA model simulation, continued
Rice misc costs ($/ac)
Rice crop insurance costs ($/ac)
Rice other costs ($/ac)
Ttractor depreciation ($/ac)
Tractor interest ($/ac)
Equipment depreciation ($/ac)
Equipment interest ($/ac)
Special equipment depreciation ($/ac) 
Special equipment interest ($/ac) 
Misc equipment depreciation ($/ac) 
Misc equipment interest ($/ac)
Taxes and insurance ($/ac) 
Interest ($/ac)
Overhead labor ($/ac)
Other overhead ($/ac)
Land and property tax ($/ac) 
Management cost ($/ac)
Initial groundwater depth (ft) 
Ground water decline rate (ft/yr) 
Storage coefficient (decimal) 
Sat.hydraulic conduct aquifer (ft/day) 
Initial saturated thickness aquifer (ft) 
Number of wells in operation
Well diameter (ft)
Well cost ($)
Expected life of well (yrs)
Annual well repair cost % initial cost
Well flow (gal/min)
Well pumping plant efficiency
Cost of pump and gearhead ($/well) 
Expected life of pump & gearhead (yr) 
Pump & gearhead repair % of initial cost 
Discharge diameter of well pump (ft) 
Cost of power unit ($)
Expected life of power unit (yr)
Repair of power unit % of initial cost ($) 
Energy type (0=electric, 1=diesel) 
Energy cost ($/KW-hr)
Lubrication cost as of % initial cost ($) 
Soybean application efficiency (decimal) 
Rice application efficiency (decimal) 
Cost of irrigation system ($) 
Expected life of irrigation system (yr) 
Ann irrig system repair cost 
Irrigation labor (hr/acre-inch) 
Irrigation labor cost ($/hr) 
Irrig system operating pressure (psi) 
Soil moisture deficit soybean irrig (mm) 
Drop in flood level rice irrig (mm) 
Reservoir freeboard (ft)
Top width of reservoir levees (ft) 
Outside slope of reservoir levee 
Inside slope of reservoir levee 
Excavation cost ($/cu-yd) 
Levee seeding cost ($) 
Expected life of the reservoir (yr) 
Res maint cost % of construction cst 
Sat. hydraulic conduct of levee (ft/day) 
Average albedo of water (decimal) 
Day of year to begin reservoir fill 
Number of relift pumps 
Operating head for relift pump(s) (ft) 
Capacity of relift pumps (gal/min) 
Efficiency of relift pumps (decimal) 
Cost of relift pump(s) ($/pump) 
Expected life of relift pumps (yr) 
Relift pump repairs % of initial cost 
Relift pump lub cost as % of fuel costs 
Number of irrigation pumps 
Operating head for irrigation (ft) 
Capacity of irrigation pump(s) (gal/min) 
Irrigation pump efficiency (decimal) 
Cost of irrigation pump(s) ($/pump) 
Expected life of irrigation pump(s) (yr) 
Irrig pump(s) repair % of initial cost 
Irrig pump lub cost as % of fuel cost 
Maxi value of reservoir cap(ac-ft) 
Reservoir size increment (ac-ft)
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PASTURE RESOURCE INVENTORY USING GIS
I.S. Braden and C.P. West
Department of Crop, Soil, and Environmental Sciences
University of Arkansas 
Fayetteville, Arkansas
J.L. Gunsaulis, and B.A. Lisle
Arkansas Soil and Water Conservation Commission 
Little Rock, Arkansas
INTRODUCTION
Long-term application of poultry and swine manure to pastures may result in 
a build-up of phosphorus on the soil surface to levels that pose risks to surface 
water quality. Sustainable animal agriculture requires the application of best 
management practices (BMPs) that reduce P runoff while maintaining or 
enhancing the efficiency of forage-based beef production. Geographic 
information system (GIS) techniques allow one to identify vulnerable sites for 
runoff loss on individual farms and to target BMPs to those sites.
Our objective was to use GIS techniques to produce maps of two poultry­
beef farms to aid in planning the locations of manure applications, commercial 
nitrogen fertilizers, hay harvesting and feeding, and installation of additional 
fences and stock waterers.
METHODS
Subfields based on field boundaries, soil mapping units, and topographic 
features were identified for soil sampling purposes. Three maps were 
constructed for each farm by overlaying input information on digital aerial 
photographs. Map 1 was an inventory map of soil mapping units and existing 
fences. Map 2 showed soil-test P levels of subfields and runoff potential rating 
by soil unit. Map 3 showed locations of redesigned fencing layout for rotational 
grazing, new waterers, forage species, and hay harvesting and feeding sites.
The maps were used in consultation with the land owner in deciding where 
to install new fences and waterers to subdivide pastures, and how to modify 
locations of poultry litter to prevent excessive build-up of phosphorus.
RESULTS
Farm A was an upland, ridge-top landscape with steep gullies and elevation 
ranging from 1140-1180 ft. Soil-test P levels of all fields but one exceeded 300 
lb/acre. If one uses 300 lb/acre as a critical level above which no poultry waste 
application should be applied, then poultry waste production far exceeds land 
disposal capacity on this farm. Fields showing the highest soil-test P and severe 
runoff potential were identified as priority haymaking areas. These areas had
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received annual applications of poultry litter and were winter hay-feeding sites. 
Sites having the lowest soil-test P should serve as hay feeding sites. The fencing 
system was redesigned to separate building areas, wooded areas, steep slopes, 
and to improve the efficiency of grazing and haymaking via controlled rotational 
grazing. The manager of Farm A will have to use other sources of nitrogen for 
the forages, such as commercial fertilizer or biologically fixed nitrogen from 
legumes.
Farm B was an alluvial floodplain with seasonal wetlands and with elevation 
ranging from 180-1200 ft. Soil-test P was well below 300 lb/acre on all fields, 
except for some hay-feeding areas near the poultry houses. These high-P sites 
should no longer receive poultry litter. Land area showing low soil-test P was 
ample for receiving all the poultry litter produced. Hay-feeding areas were 
shifted to new sites having relatively low soil-test P. Most of the farm can be 
grazed and hayed. Some zones were identified to be harvested for hay only. 
New fences and lanes were added to facilitate controlled rotational grazing. 
Soil-test P needs to be monitored closely in those fields approaching high levels 
of P and litter application rates reduced if necessary to avoid excessive P build­
up.
CONCLUSIONS
GIS techniques were readily adaptable to characterize beef-poultry farms for 
soil-test P status in relation to risks to surface water quality with minimal 
collection of new data. GIS was useful in planning and presenting hay 
harvesting/feeding locations and fencing scenarios for improved grazing 
utilization. This technique lends itself well to integrating waste management 
planning with forage management planning. Combining these two planning 
processes through GIS can lead to improved sustainability of animal agriculture 
on poultry-beef farms.
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REGULATION NO.5: LIQUID ANIMAL WASTE DISPOSAL 
SYSTEMS, ARKANSAS DEPARTMENT OF ENVIRONMENTAL 
QUALITY, STATE OF ARKANSAS
Keith Brown
Manager, State Permits Branch 
Arkansas Department of Environmental Quality 
Little Rock, Arkansas
ABSTRACT
In 1990, then Governor of Arkansas, Bill Clinton, appointed a task force to 
address the animal waste problems in Arkansas. The task force was comprised 
of representatives from various state and federal agencies as well the public 
sector including agriculture, academic and legislative interests. As a result, the 
task force developed Regulation No. 5 for those confined animal facilities that 
have liquid animal waste disposal systems. The regulation was adopted by the 
Arkansas Department of Pollution Control & Ecology Commission in July 1992. 
All confined animal facilities with a liquid animal waste disposal system in the 
state are required to obtain a permit from the Arkansas Department of 
Environmental Quality (ADEQ, formerly Arkansas Department of Pollution 
Control & Ecology). Regulation No. 5 sets forth permit requirements as well as 
technical requirements for a liquid animal waste disposal system. All liquid 
animal waste systems are required to be “no-discharge" systems meaning that 
there cannot be any discharge of wastes to waters of the state directly or 
indirectly from any waste holding structures, ponds, land application sites or any 
other part of the waste management system. A waste management plan that 
provides details for the management and disposal of the animal waste is required 
for each facility that applies for a permit. Regulation No. 5 includes siting 
restrictions for confined animal facilities with liquid waste disposal systems and 
buffer distances to property lines, water bodies, etc. for the land application of 
liquid animal wastes. Annual refresher training is required by Regulation No. 5 
for each permitted facility in the area of waste management.
Arkansas has been regulating confined animal facilities with liquid waste 
disposal systems since the early 1970's in accordance with the Arkansas Water 
and Air Pollution Control Act. Act 472 as amended. Currently, there are 550 
active permits for facilities with a liquid animal waste disposal system.
Regulation No. 5 does not provide for permitting of confined animal 
facilities, such as broiler houses, that generate what is considered "dry” wastes. 
Wastes from these types of facilities are subject to the Arkansas Water and Air 
Pollution Control Act but the facilities are not required to get a permit from 
ADEQ for the collection and /or disposal of the wastes. ADEQ encourages 
these types of facilities to implement best management practices in handling and 
disposal of the wastes.
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RECONSTRUCTED SUMMER (JJA) STREAMFLOW
IN THE WHITE RIVER OF ARKANSAS FROM A MILLENNIUM
OF TREE RINGS
M.K. Cleaveland
Department of Geosciences 
University of Arkansas 
Fayetteville, Arkansas
ABSTRACT
An average of three baldcypress (Taxodium distichum) ring width 
chronologies used to reconstruct total summer (JJA) flow of the White River at 
Clarendon, Arkansas from 1023 to 1985 accounted for 68 percent of the 
variance in flow with a quadratic regression model calibrated from 1931 to 
1985. The model was validated by comparing estimates to independent data 
from 1900 to 1930. Hydrologic regimes have apparently varied considerably in 
the past on decadal to century time scales. The frequency of both wet and dry 
extremes has varied considerably over the last 963 years, and the 20th century 
appears to have higher variance and more extreme low flows than the previous 
nine centuries. There also appear to have been a larger number of extreme high 
flows in the 20th century than in the 19th century. The changes in summer 
flows in the 20th century may reflect anthropogenic modification of the 
watershed.
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SPATIAL DATA DEVELOPMENT METHODS FOR THE ARKANSAS 
SOURCE WATER ASSESSMENT AND PROTECTION PROJECT: AN 
ASSESSMENT OF RELATIVE CONTAMINATION RISK TO EACH 
PUBLIC WATER SYSTEM IN ARKANSAS
John M. Wilson, Linda J. Fye, R. Brian Culpepper, 
and W. Fredrick Limp
Center for Advanced Spatial Technologies 
University of Arkansas 
Fayetteville. Arkansas
ABSTRACT
The Center for Advanced Spatial Technologies (CAST) is involved in 
locating potential sources of contamination (PSOC) for public water intakes in 
the state of Arkansas. CAST will work in conjunction with the Arkansas 
Department of Health (ADH), Environmental Protection Agency (EPA), United 
States Geological Survey (USGS), and Arkansas Water Resources Center 
(AWRC) to meet the requirements of a national mandate. The 1996 Safe 
Drinking Water Act Amendments require states to implement SWAP programs 
to assess areas providing drinking water to the public. SWAP programs will 
focus on potential threats to both groundwater and surface water in order to 
implement protection efforts.
The purpose in establishing the Arkansas Source Water Assessment Program 
(SWAP) is two-fold:
1) The fulfillment of the source assessment requirements of the Safe 
Drinking Water Act Amendments of 1996. The State "shall carry out the 
program either directly or through delegation." This is to be done "for the 
protection and benefit of public water systems and for the support of monitoring 
flexibility."
2) To provide another means to enhance the Arkansas Department of 
Health’s (ADH's) continuing efforts to protect public drinking water supply 
sources under the State's Public Water Supply Supervision Program (PWSSP). 
Under the PWSSP, source protection through regulation, education, and 
technical assistance is an integral program component.
This project will develop a management tool for public water systems (PWS) 
to enhance the protection of their sources of drinking water. This plan will 
identify sources of drinking water utilized by public water systems, source water 
assessment areas for drinking water supplies, and potential contaminants within 
distinct delineated areas. Providing public water systems and their customers 
with information concerning their drinking water supply will enable them to 
implement protection activities. Such activities can help to assure a continued 
safe drinking water supply and in some cases limit capital expenditures for 
treatment.
Researchers at CAST have obtained the location of public water wells in 
Arkansas from ADH and have located each PSOC in their immediate vicinity.
46
As part of the data collection process, the locations of over 50 PSOC types were 
identified including EPA sites, confined animal operations, and businesses. 
Geographic Information System (GIS) technologies and existing data were used 
to develop a PSOC data set that was geocoded to street-level accuracy. Buffers 
ranging from 1/4 mile to 30 miles were developed for each public water system. 
Each PSOC within these buffered areas was field-checked for accuracy. 
Corrections will be made to PSOC locations before final assessment maps are 
produced. This information will be used by ADH and USGS to assess the 
contamination potential for each Arkansas PWS.
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QUANTIFYING THE REDISTRIBUTION OF A CONSERVATIVE 
TRACER IN A HENRY SILT LOAM
J. P. Davis and H. D. Scott
Department of Crop, Soil, and Environmental Sciences 
University of Arkansas 
Fayetteville, Arkansas
ABSTRACT
In recent years, the increased concern over non-point source pollution of 
ground water has made it imperative to understand and predict the processes 
governing the transport of contaminants through the vadose zone. Soil scientists 
have promoted the concept that soil is a great filter and its remediation powers 
are nearly infinite, however, this concept has been proven to be false in recent 
years. Spatial variability of soil properties has been investigated extensively 
during the past 20 years. Variations of soil physical properties within a given 
field and under different tillage systems may be sizable and these variations 
occur both vertically and horizontally in the landscape.
In the Mississippi Delta Region of Arkansas, there is concern for ground 
water quality. Another concern is the accumulation of salts from groundwater 
and fertilization, which can be detrimental to plant growth and development. 
This research will give insight into both of these problems.
The objectives of this study were to explore the spatial and temporal 
variabilities of the concentration distribution and mass recovery of a surface- 
applied conservative tracer, bromide (Br), through a Henry Silt Loam in the 
Mississippi Delta region of Arkansas.
The Henry silt loam was found in Eastern Arkansas at the Pinetree 
Agricultural Experiment Station approximately 20 kilometers west of Forrest 
City. The Henry soil is found in Major Land Use Area (MLRA) 134 and is a 
coarse-silty, mixed, thermic, typic fragiaqualf, is poorly drained, slowly 
permeable, has slopes of less than one percent and has an area of 183,551 
hectares in the region. It is one of the more agriculturally productive soils in 
Arkansas for rice, soybean and cotton.
At the plot location, a square plot with dimensions of 10 m by 10 m was 
delineated from the surroundings. Metal flashing was inserted to a depth of 5 
cm below the soil surface to restrict run-on and run-off of water. The plot was 
mowed, and sod vegetation, which was composed of fescue, and other grasses 
and weeds was killed with glyphosate. Bromide was mixed by adding 2.5 kg 
KBr to eight liters of water and was then applied to the surface uniformally with 
a herbicide backpack sprayer at a rate of 140 kg/ha. Samples of soil were taken 
periodically with a soil probe in the plot at 24 locations and ten depth intervals 
per location to 1 m, based on the depth of rainfall since the day of Br 
application. The initial desired cumulative rainfall between the samplings was 
10, 30, and 71 cm after application. In this case samples were taken after 6.8, 
43.2 and 76.4 cm of cumulative rainfall after application.
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With increased rainfall and time after application, the Br content decreased. 
Br concentration distributions in the Henry soil were mostly non-normal 
Geostatistical analyses revealed no spatial correlation within each depth interval; 
therefore, sampling locations within each depth interval were spatially 
independent. Mass balance calculations indicated that the rate of loss of Br per 
cm of rain and time was rapid for the first sampling interval and then decreased 
dramatically with rainfall and time. After only 6.8 cm of rain and 30 days, 25 % 
of the applied Br was lost below the depth of 1 m. This loss is mostly attributed 
to macropore flow. After the initial loss, the Br is located within the soil matrix 
and the rate of loss was greatly diminished. After 76.4 cm of rainfall and 112 
days, a geometric mean of 61.6 % of the applied Br remained within the soil 
profile. Concentration distributions for each of the sampling times revealed 
general concentration distribution curves (Figure 1). Br transport was restricted 
by the fragipan within the 50 to 80 cm of soil depths. These data show that a 
significant amount of Br was lost below the top 1 m of soil after small amounts 
of rainfall, potentially contaminating the underlying aquifer.
Figure 1. Geometric mean of Br concentrations for the three sampling periods on the Henry soil.
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EFFECT OF ALUMINUM SULFATE TO POULTRY LITTER ON SOIL 
TEST PHOSPHORUS
P.B. DeLaune, P.A. Moore, Jr., and M.L. Self-Davis
USDA-Agricultural Research Service 
University of Arkansas 
Fayetteville. Arkansas
T.C. Daniel
Department of Crop, Soil, and Environmental Sciences 
University of Arkansas 
Fayetteville. Arkansas
D.R. Edwards
Department of Agricultural Engineering 
University of Kentucky 
Lexington. Kentucky
ABSTRACT
Aluminum sulfate (alum) additions to poultry litter has been shown to reduce 
soluble phosphorus (P) runoff by as much as 87%. However, the effects of 
alum-treated litter on soil test P levels are unknown. The objective of this study 
was to compare soil P levels (Mehlich III and water soluble P) in tall fescue 
plots fertilized with alum-treated litter, untreated litter, and ammonium nitrate 
(NH4NO3). Untreated and alum-treated poultry litter (10% by wt.) was applied 
at rates of 0, 2.24, 4.40, 6.73. and 8.98 Mg ha-1 whereas NH4NO3 was applied at 
rates of 0, 65, 130, 195, and 260 kg N ha-1. Treatments were applied annually 
for three years to tall fescue plots. Soil cores (0-5cm) were taken throughout the 
study. Mehlich III and water soluble P values fluctuated in the litter treated 
plots seasonally corresponding to forage growth, although there was an 
increasing yearly trend in these values. Plots fertilized with alum-treated litter 
had the lowest Mehlich III and water soluble P values compared to plots 
fertilized with untreated litter. Lowest soil P values were from plots fertilized 
with NH4NO3.
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REDUCING AMMONIA VOLATILIZATION AND PHOSPHORUS 
RUNOFF FROM COMPOSTED POULTRY LITTER USING ALUM 
AND PHOSPHORIC ACID
P.B. DeLaune and P.A. Moore, Jr.
USDA-Agricultural Research Service 
University of Arkansas 
Fayetteville, Arkansas
T.C. Daniel and D.J. Nichols
Department of Crop, Soil, and Environmental Sciences 
University of Arkansas 
Fayetteville. Arkansas
D.R. Edwards
Department of Agricultural Engineering 
University of Kentucky 
Lexington. Kentucky
J. Lemunyon
USDA-National Resources Conservation Services 
Arlington. Texas
ABSTRACT
Ammonia volatilization and phosphorus (P) runoff are two of the biggest 
environmental problems with animal manures. Research has shown that 
aluminum sulfate (alum) and phosphoric acid greatly reduce ammonia 
volatilization and affect P availability in fresh poultry litter; however, no studies 
have yet reported the effects of theses amendments on composting litter. The 
objectives of this study were to measure ammonia volatilization from 
composting poultry litter and P runoff from fescue plots fertilized with 
composted and fresh poultry litter. Studies were conducted in 1997 and 1998. 
The treatments applied to poultry litter before composting in 1997 were: 1) 
control (no amendment). 2) phosphoric acid (2% by weight), 3) alum (7% by 
weight), and 4) a microbial treatment. Ammonia volatilization was monitored 
daily throughout the composting process. After composting, each of the above 
treatments, as well as fresh poultry litter and an unfertilized control, were used 
for the runoff study. Litter was applied at 8.98 Mg ha-1 and rainfall simulators 
were used to produce a 5 cm hr-1 rainfall event. Ammonia volatilization was 
significantly lower from alum and phosphoric acid- treated compost. 
Phosphorus concentrations in the runoff water were lower from alum-treated 
compost than all other fertilizer treatments.
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COMPARISON OF MODIFIED DRASTIC AND FUZZY-LOGIC 
PREDICTIVE MODELS IN GROUND WATER CONTAMINATION
B. Dixon, H.D. Scott, and H. Lin
Department of Crop. Soil, & Environmental Sciences 
University of Arkansas 
Fayetteville. Arkansas
K. Steele
Arkansas Water Resource Center and Department of Geosciences 
University of Arkansas 
Fayetteville. Arkansas
J. Dixon
Department of Geosciences 
University of Arkansas 
Fayetteville. Arkansas
ABSTRACT
Knowledge of the vulnerability of ground water to pesticide contamination is 
required in order to assess pesticide pollution potential. The DRASTIC model 
has been used with varying success to serve as a predictive model to select 
monitoring locations. The objective of this study was to examine the usefulness 
of the incorporation of fuzzy logic techniques into a modified DRASTIC model 
to facilitate ground water sampling decisions. Four fuzzy logic-based models 
were developed to provide predictions of ground water vulnerability from 
alternative approaches to the modified DRASTIC model. Comparisons were 
made between the results based on the fuzzy logic models and the modified 
DRASTIC model along with experimental data obtained from the analysis of 
pesticide concentrations in wells. The results showed that the areal extent and 
spatial distributions of the various fuzzy categories varied among the four 
models. There was no relation between any of the fuzzy categories and 
pesticide contamination of wells. Contaminated wells were present in all except 
the low vulnerability fuzzy category, whereas in the modified DRASTIC model, 
contaminated wells were present in the low vulnerability category but not in the 
high vulnerability category. In general, the fuzzy logic models tended to reflect 
a higher vulnerability of the ground water at the contaminated wells than the 
modified DRASTIC model.
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EMPIRICAL MODELING OF LAKE SEDIMENTATION FROM HIGH- 
RESOLUTION SEISMIC REFLECTION PROFILES
Jay T. Hansen and Stephen Boss
Department of Geosciences 
University of Arkansas 
Fayetteville. Arkansas
ABSTRACT
A bathymetric survey of the Prairie Creek sub-basin of Beaver Reservoir 
(Northwest Arkansas) was conducted utilizing a very high resolution, dual 
frequency (28/200 kHz) echo sounding system deployed from the University of 
Arkansas research vessel Ozark Traveler. Both detailed bathymetric maps and 
sediment thickness maps were derived from these data.
Results of this survey indicate that sediment accumulation is very poorly 
correlated to bathymetry, suggesting that sedimentation in this portion of Beaver 
Reservoir is controlled by other, less predictable parameters. Additional 
analyses show that thickest sediment accumulations are located in proximity to 
steep slopes composed of near-vertical limestone cliffs capped by regolith. 
Echo sounder profiles near these cliffs document the presence of relatively thick 
but localized sediment accumulations interpreted to result from episodic 
slumping of regolith-covered slopes. The timing and frequency of slump events 
is not presently known.
Given that sedimentation in this portion of Beaver Reservoir is dominated by 
unpredictable, relatively infrequent mass wasting processes of varying 
magnitude, modeling future patterns of lake infilling are complicated. However, 
estimates of sediment infilling can be derived from empirical analyses of the 
average thickness and areal extent of recognizable slumps, which have occurred 
since the time of impoundment (1967). Using this approach, the future 
bathymetry of the Prairie Creek sub-basin was modeled for 100-year increments 
over the next 1000 years.
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INFLUENCE OF POULTRY LITTER AND IMPROVED 
MANAGEMENT PRACTICES ON COTTON PRODUCTION AND 
WATER QUALITY IN LOUISIANA
E.P. Millhollon and J.L. Rabb
Louisiana Agricultural Experiment Station 
Louisiana State University Agricultural Center 
Red River Research Station 
Bossier City, Louisiana
ABSTRACT
Crop production has been identified as a major source of non-point source 
pollution, which causes impairment in many stream segments within the Red 
River Basin of Louisiana. Cotton is one of the major crops grown within the 
Red River Alluvial Plain and its production utilizes large quantities of pesticides 
and nitrogen fertilizer each year. The 1993 Non-point Source Assessment 
Report of the Red River Basin listed one stream segment as not meeting its 
designated uses and 11 stream segments as partially meeting their designated 
uses because of non-point source pollution. The suspected causes of this 
impairment include suspended solids, nutrients, organic enrichment, low 
dissolved oxygen, and pesticides. Coventional tillage of cotton and inorganic 
fertilizer application has been identified as a source of suspended solids, 
nutrients (nitrogen and phosphorus), and organic enrichment within the state's 
water bodies.
A study is being conducted on a Red River alluvial soil in northwestern 
Louisiana in which poultry litter will be applied as a fertilizer source to cotton 
grown with conservation and conventional tillage practices. This project will 
quantify nutrient losses in surface runoff and ground water resulting from five 
alternative cotton production/management techniques. In addition, water 
samples will be analyzed for pesticides applied to the plots. Two plots of each 
treatment (10 plots total) will be fitted with acquisition systems designed to 
sample and quantify surface runoff and collect shallow ground water. The main 
components for surface runoff from each plot will consist of appropriately sized 
collectors, approaches, and flumes equipped with data loggers, rainfall 
recorders, portable liquid-level recorders, and runoff samplers. Cotton data 
collected annually from each plot will include crop yield, plant height, disease 
incidence, and fiber quality. Soil samples following crop harvest will be 
analyzed to determine effects of the various management practices on organic 
matter and nutrient content. Subsequently, information gathered from the 
demonstration will be disseminated in an educational program about benefits of 
these alternative management practices. Expected benefits of the study and 
educational program include farmer adoption of alternative methods for the 
disposal of poultry litter, as an inexpensive source of fertilizer. This should 
result in improved soil tilth, reduced erosion, and reduces nutrient and pesticide 
runoff.
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MAPPING AGRICULTURAL LAND-USE IN THE 
MISSISSIPPI ALLUVIAL VALLEY OF ARKANSAS
Bruce Gorham, Brandon Bottomley, and Noah Minard
Center for Advanced Spatial Technologies 
University of Arkansas 
Fayetteville, Arkansas
ABSTRACT
Optimal use of soil and water resources is one of the principal challenges 
facing the agricultural community. Numerous water and soil conservation 
problems are directly related to agriculture including surface water pollution, 
ground water pollution, topsoil loss, increasing soil salinity levels, and ground 
water depletion. Accurate agricultural land-use maps help soil and water 
scientists to identify potential problem areas, predict where these problems are 
likely to occur in the future, and to model solutions. Because specific crops 
have different impacts on soil and water resources, for example, cotton uses 
more pesticides and rice requires more water, it is important to know where 
specific crops are being grown.
Nearly all of Arkansas’ agricultural production occurs in the eastern 
contiguous counties of the Mississippi Alluvial Valley (MAV) commonly 
known as the “Delta.” In 1996 the Arkansas Soil and Water Conservation 
Commission (ASWCC) provided funding to the Center for Advanced Spatial 
Technologies at the University of Arkansas for the development of digital land- 
use/land-cover maps focusing on agricultural land-use for the 27 Arkansas 
counties within the MAV. Combined with existing spatial data, the information 
produced from this project serves as a basis for the formulation of water, soil, 
and farm management policies and practices. Three maps that depict seasonal 
land-use changes associated with agriculture were products of this project. The 
maps have a high degree of spatial and numerical accuracy based upon ground­
truth field data verification and comparisons with national agricultural statistics.
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LITTER, AND AMMONIUM NITRATE ON ALUMINUM RUNOFF AND 
AVAILABILITY IN SOILS.
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ABSTRACT
Alum (aluminum sulfate) additions to poultry litter have been shown to 
inhibit ammonia volatilization and precipitate soluble phosphorus, resulting in 
much less non-point source phosphorus runoff. The objective of this study was 
to determine the effects of various rates of normal poultry litter, alum-treated 
litter and ammonium nitrate on soil pH and aluminum availability in soils. A 
small plot study was initiated in 1995 with 52 plots cropped to tall fescue on a 
Captina silt loam soil. Thirteen treatments are being evaluated in a long-term 
study (20 years). The treatments include four rates of normal poultry litter, four 
rates of alum-treated litter, four rates of ammonium nitrate and an unfertilized 
control. Application rates are 1, 2, 3, and 4 tons litter/acre/year for litter, which 
is applied in one application each year in the spring. Ammonium nitrate 
application rates are 65, 130, 195, and 260 kg N/ha/year, and represent 
approximately the same amount of N as that applied with alum-treated litter. 
Aluminum runoff was not affected by fertilizer type. Exchangeable Al was 
highest in soils fertilized with ammonium nitrate, due to decreases in soil pH. 
These data indicate that when litter is shipped out of a watershed and inorganic 
N is used as a fertilizer source, lime should be used to avoid soil acidification 
and increases in aluminum availability. Aluminum uptake by plants, aluminum 
availability in soils and aluminum runoff are not affected by alum treatments.
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ABSTRACT
This is a review paper on the effects of alum (aluminum sulfate) on ammonia 
volatilization and phosphorus runoff from poultry litter. Initially, laboratory 
studies showed phosphorus solubility could be reduced in poultry litter with 
aluminum calcium and iron amendments, indicating these amendments may 
reduce phosphorus runoff. This was confirmed in a rainfall simulation study on 
small plots where alum applications to litter were shown to decrease phosphorus 
runoff by as much as 87%, while improving fescue yields. Subsequent lab 
studies showed that alum is one of the most effective compounds for reducing 
ammonia volatilization. Field trials (EPA 319 demonstration) showed that alum 
additions improved poultry performance such that the benefit/cost ratio of this 
BMP was 1.96. Over a three-year period, phosphorus runoff from fields 
fertilized with alum-treated litter was 75% lower than with normal litter. Alum 
applications have also been shown to reduce heavy metal and estrogen runoff 
from poultry litter. Hence, this management practice reduces the negative 
environmental impact of poultry litter while improving agricultural productivity.
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INTRODUCTION
The poultry and cattle industries comprise a large segment of the agricultural 
economy in the mantled karst area of Northwest Arkansas. The associated risks 
of nutrient and bacterial contamination to karst aquifers by poultry litter have 
been well documented. However, only recently have the risks associated with 
hormones, specifically 17 ß-estradiol (E2), been addressed. During a winter 
recharge event, five springs in Northwest Arkansas were sampled and the waters 
were analyzed for E2, fecal coliform, and Escherichia Coli (E. coli). Analyses 
of the waters from five springs representing three different water-bearing 
formations revealed that E2 is present in the waters. Concentrations of E2 ranged 
from 6 nanograms per litter (ng/L) to 66 ng/L. The observed E2 concentration 
trends imitated the changes in stage over the recharge event. The E2 
concentration trends also mimic the concentration trends of both fecal coliform 
bacteria and E. coli bacteria at all five springs, indicating that the three 
components move in the mantled karst system similarly. The observed changes 
in E2 concentrations are also similar to other nutrient concentrations that indicate 
poultry waste impact to mantled karst aquifers.
17-ß estradiol, the most potent steroidal hormone, is produced endogenously 
by all mammalian species. It has been linked to occurrence of breast cancer in 
humans, and a host of pathological effects in fish, including alteration of the sex 
distribution of salmon (Dickson et al.. 1986: Herman and Kincaid. 1988: 
Nakumura, 1984). In poultry waste, concentrations of 17-ß estradiol range from 
14 ng/gram dry waste to 533 ng/gram dry waste. Concentrations of 17-p 
estradiol in cattle urine average 13 ng/L (Shore et al., 1995; Erb et al., 1977). 
On pasture that had a manure application rate of 5 megagrams/hectare. the 
average concentration of 17-ß estradiol in runoff was 3500 ng/L (Nichols et al., 
1998). Disposal of animal waste as fertilizer for pasture provides a source of 
17-ß estradiol that may impact ground water in the shallow mantled karst 
aquifers of Northwest Arkansas. Our study assessed the presence of 17-ß 
estradiol in ground water from springs of Northwest Arkansas.
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OBJECTIVES OF THE STUDY
■ determine if 17—ß estradiol is present in ground water in the shallow 
aquifers in Northwest Arkansas, and
■ compare the movement of 17-ß estradiol with other indicators of 
animal waste to these aquifers.
METHODS
Collection of water samples during a January recharge event was completed 
by automated sampling. Twelve samples from each spring were delivered to the 
Arkansas Water Resources Water Quality Laboratory for analysis of fecal 
coliform, E. coli (analysis by membrane filtration) and nitrate-N (analysis by 
HPLC). A subset of these samples were analyzed for 17-ß estradiol (analysis by 
enzyme-linked immunosorbent assay. ELISA). This analysis was performed at 
the Department of Geosciences Geochemistry Laboratory. The detection limit 
for ELISA test method was 4.8 ng/L.
CONCLUSIONS
■ 17-ß estradiol was present in all five springs at concentrations ranging 
from 6 to 67 ng/L.
■ Mean concentrations of 17-ß estradiol were highest at Stafford Spring 
(47.1 ng/L) and Little Wildcat Spring (45.8 ng/L).
■ Mean concentrations of 17-ß estradiol for Tanyard Spring. Braly 
Spring and Decatur Spring ranged from 22 to 28 ng/L.
■ Highest concentrations of 17-ß estradiol observed at each spring 
coincide with the stage peak.
■ Regression analysis showed a positive correlation between 
concentrations of 17-ß estradiol, fecal coliform and E. coli for all five 
springs.
■ Linear regression between concentrations of 17-ß estradiol and fecal 
coliform produced correlation coefficients ranging from 0.41 to 0.95.
■ Linear regression between concentrations of 17-ß estradiol and E. coli 
produced correlation coefficients ranging from 0.29 to 0.96.
* A two-tailed t-test using a - 0.20 verified that at all springs except 
Braly Spring, that the concentration trends between 17-ß estradiol and 
the bacteria could be accounted for statistically.
■ The presence of 17-ß estradiol in the ground water in the shallow 
aquifers of northwest Arkansas provide one more component that 
indicates impact to ground water quality from animal waste.
59
References Cited
Erb. R.E.. B.P. Chew and H.F. Keller. 1977. Relative concentrations of extrogen and 
progesterone in milk and blood, and excretion of estrogen in urine. Journal of Animal 
Science 46, no. 3: 617-626.
Nakumura. M., 1984. Effects of estradiol-17? on gonadal sex differentiation in two species of 
salmonoids. the masu salmon. Oncorhynchus masou, and the chum salmon. O. keta. 
Aqualcutture 43: 83-90.
Nichols. D.J., T.C. Daniel. D.R. Edwards. P.A. Moore, and D.H. Pote, 1998. Use of grass filter 
strips to reduce 17 Beta-estradiol in runoff from fescue-applied poultry litter. Journal of Soil 
and Water Conservation 53, 1: 74-77.
Orndorff. H.A., R. K. Davis, and J.V. Brahana. 1997. Comparison of shallow aquifer flow 
systems in Northwest Arkansas. Geological Society of America Programs with Abstracts 
29, no. 6: 106.
Shore. L.S., M. Shemesh and R. Cohen. 1988, The role of oestradiol and oestrone in chicken 
manure silage in hyperoestrogen in cattle. Australian Veterinary Journal 65:67.
60
CONSTRUCTED WETLANDS AT SWINE REARING FACILITIES FOR 
WASTEWATER REMEDIATION
B.J. Phillips and P.A. Moore, Jr.
USDA-Agricultural Research Service 
University of Arkansas 
Fayetteville. Arkansas
T.C. Daniel and D.C. Wolf
Department of Crop, Soil, and Environmental Sciences 
University of Arkansas 
Fayetteville. Arkansas
D.R. Edwards
Department of Agricultural Engineering 
University of Kentucky 
Lexington. Kentucky
ABSTRACT
Modern swine rearing facilities contain a large number of animals in a 
confined area causing major concerns in manure management. One potential 
solution to this problem is the use of constructed wetlands for nutrient removal. 
The objectives of this study are to (1) assess surface and ground water 
associated with constructed wetlands at swine farms, (2) demonstrate the 
efficiency of two different wetland designs for nutrient removal from water 
originating in swine rearing facilities, and (3) demonstrate that constructed 
wetlands are a best management practice that farmers can utilize at a relatively 
low cost. Constructed wetlands were installed at three swine farms in Arkansas. 
Surface water was collected at the inflow and outflow of the constructed 
wetland. Total phosphorus concentrations of the water entering the wetlands 
averaged 94 mg PL-1. The phosphorus concentrations of the water leaving the 
wetlands averaged 17 mg P L-1 (82% reduction). Average mass load of total P 
entering and exiting the wetlands were 147 and 77 kg P, respectively (48% 
reduction). Total nitrogen concentrations entering and exiting the wetlands 
average 322 and 30 mg N L-1, respectively (91% reduction). Average mass load 
of total nitrogen entering and exiting the wetlands were 465 and 186 kg N, 
respectively (60% reduction). The major drawback for this technology is the 
cost, which averaged between $25,000 and $35,000 per farm.
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ABSTRACT
Animal wastes contain nutrients, pathogens, metals, and hormones that, if 
delivered in sufficient amounts, may negatively impact surface and subsurface 
water quality. The Savoy Experimental Watershed (SEW) is a collaborative 
effort by the University of Arkansas, U.S. Department of Agriculture- 
Agriculture Research Service, U.S. Geological Survey, and Arkansas 
Department of Environmental Quality to establish a site for long-term studies of 
animal waste impacts on surface and subsurface water quality. Six separate 
basins, representing a variety of land use and animal wastes sources including 
poultry litter, swine slurry, and grazing animal depositions, are under 
investigation within the SEW. The most intense monitoring activities have been 
directed at Basin 1, a 147 ha watershed immediately adjacent to the Illinois 
River. Weirs have been permanently installed on two continuously flowing 
springs (Langle and Copperhead) and at the basin outlet to measure flow and 
water quality parameters. Over 20 shallow, 5-cm diameter monitoring wells 
have been installed primarily in alluvial areas while 3 deep (>30m) wells allow
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sampling of the shallow aquifer above the regional confining layer. 
Additionally, samples from several small springs (seeps), a nearby tributary 
(Clear Creek) and the Illinois River have been analyzed for several water quality 
parameters including nitrate (NO3-N), ammonia (NH3-N), dissolved reactive 
phosphorus (DRP). and pathogen indicator bacteria. Nitrate and DRP 
concentrations are consistently higher for Copperhead Spring as compared to 
Langle Spring, a trend that may be related to higher animal waste loads in the 
Copperhead recharge basin. There is also evidence of surface runoff capture by 
both springs. Concentrations for NO3-N and DRP range from 1 to 11 mg L-1 and 
from 0.005 to 0.2 mg L-1, respectively. Only very low concentrations of NH3-N 
have been found (<0.005 mg L-1). For the groundwater, nutrient concentrations 
tended to be higher at shallow depths, indicating some enrichment of the 
shallow perched aquifer. Limited sampling for pathogen indicator bacteria has 
indicated significant populations in the spring water following rainfall events, 
but also a rapid return to counts below the U.S. Environmental Protection 
Agency contact standard within several days. Recent additions of water 
samplers at the weir locations to allow flow-proportional storm flow sampling 
and a multiprobe sensor for in-well monitoring of NO3-N will increase the 
intensity of monitoring activities and allow the determination of annual NO3-N 
and DRP loads.
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ABSTRACT
In order to determine the impacts of non point source (NPS) pollution and to 
develop Total Maximum Daily Loads (TMDLs). Accurate measurements of 
pollution loads in streams are critical. The objectives of this study were to 
accurately determine pollutant loads at two sites by intensive storm sampling, to 
develop sub-sampling and other data analysis techniques, to determine the effect 
of sample interval on load calculation accuracy, and to find the minimum 
sample interval required to determine storm loads at a required accuracy. The 
two stream sites used were 1st and 3rd order streams in the Illinois River basin 
in Arkansas. The samples were analyzed for NO3-N, NH4-N, TKN, ortho-P. 
total-P, and TSS. Storm loads were calculated by multiplying discharged 
volume by concentration for each sampling interval and summing over the 
storm. The loads calculated using the 30-minute interval data were termed the 
"best estimate” load. Loads were also calculated for 60, 120, and 240-minute 
sampling intervals using subsets of the data. The load estimates for the longer 
sampling intervals were expressed as a percentage of the best estimate load. The 
results showed that as sampling interval increased, the error of the load estimate 
increased. For example, the Moores creek data suggested that if we desire that 
the calculated TSS load is within 5% of the best estimate load with a 95% 
confidence level, we need to sample approximately every 50 minutes during a 
storm. This optimum sampling interval varies with the parameter measured and
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with the stream order. The information gained from this study should help water 
quality investigators develop sampling schemes to meet their goals of accuracy, 
precision, efficiency, and cost.
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A RACE AGAINST TIME
The benefits that local people have received for many years from America’s 
early watershed projects are no longer secure. Some of the projects’ abilities to 
slow flood waters, control gullies, and otherwise protect communities and 
natural resources have diminished with time. These projects have become an 
integral and irreplaceable part of the communities they were designed to protect. 
In some cases, rehabilitation of the dams may be needed to address public dam 
safety concerns. In other cases the dams are close to reaching their planned 50 
year life or have deteriorated prematurely. Reinvesting in these structures is 
needed to allow them to continue providing their intended functions as well as 
address future natural resource needs.
STATEWIDE AND NATIONAL PERSPECTIVE
To date, Arkansas has completed 200 dams and over 1,208 miles of channel 
improvement at a federal cost of over $155 million and a local cost of over $56 
million. These dams provide benefits worth $7 million annually.
The cost of upgrading all 18 dams in the state that have changed to high 
hazard classification will cost over $16 million. Because 59 dams in 8 
watershed projects will reach their evaluated life within the next 10 to 15 years, 
additional funding will be needed to continue their existing benefits. The cost to 
repair 85 dams that need work to safely serve out their planned lives is about 
$4.5 million. Items that need to be addressed on these sites include water 
quality, sediment accumulation, deteriorated concrete and steel, and erosion. All 
of these are major expenses that far exceed the financial or technical ability of 
the local sponsors. By reinvesting in these watersheds now, the benefits 
provided by these projects will continue to be realized.
Nationally, about 10.000 USDA-assisted dams comprise an infrastructure 
worth $9 billion and provide $800 million annually. About 2.000 dams need 
major repairs or need modifications to extend their lives. More than 650 dams 
need work due to changes in their safety classification. The total cost 
nationwide exceeds $500 million.
An additional $27 million federal cost and over $6 million local cost is 
needed to complete watershed projects that are in the project planning stage or 
have been approved for funding. These investments can be expected to yield 
monetary and resource protection benefits that will considerably exceed the 
initial costs.
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THE CASE FOR REINVESTING IN ONE WATERSHED
During the 1960s and 70s, four dams were built at Sites 1, 2, 3, and 4 by the 
Soil Conservation Service on the Muddy Fork of the Illinois River. These sites 
have provided flood protection, recreation, and two municipal and industrial 
water supplies for the cities of Prairie Grove and Lincoln. This watershed 
project has greatly contributed to the economic growth of the area by providing 
over $542,000 of annual benefits. Other benefits include fish and wildlife 
habitat, habitat for endangered species, improved water quality, erosion control, 
increased employment, rural fire protection, and community pride.
Population growth has caused changes in land use that impact watersheds. 
Site 3 has changed hazard classification from low to high due to people building 
homes downstream of the dams.
These lakes have served northwest Arkansas with 35 years of multiple 
benefits. As these dams age, their ability to continue providing all of these 
benefits in the future has to be addressed.
WITH COOPERATION, THE CHALLENGE CAN BE MET
To keep the benefits alive that both rural and urban residents have enjoyed 
for years will be a huge challenge. The stakeholders in this issue include project 
sponsors, watershed residents, state and federal agencies, and elected officials. 
All stakeholders need to work together to find solutions and protect these 
investments. We need to raise awareness, encourage debate, find funding and 
develop new partnerships, including governments and non-governmental 
organizations.
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